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SU.MMARY 
'1'he rates of dry matter production and of nitrogen, phos-
phorus, potassium, calcium and magnesium absorption were 
determined by measurements on samples of unfertilized, inocu-
lated, soybean plants harvested periodically throughout the 
1946 season from two different areas in the same field. One 
area was located on IN ebster silt loam, and the other was 
loea ted on Clarion loam. The ·W e bster soil contained larger 
amounts of available nutrients than did thc Clarion soil, but 
both soils were relatively well supplied with the nutrients 
under examination except for phosphorus, which was low in 
the Clarion soil. 
The weather conditions were favorable for the growth of 
soybeans. The acre yields of beans were 43.0 and 25.9 bushels 
on the \Vebster and Clarion soils, respectively. 
Nitrogen was absorbed in greater amounts than w·ere any 
of the other nutrient elements studied. Analyses indicated the 
presence of 184 pounds of nitrogen per acre in mature soybean 
plants on the \Vebster soil. The maximum absorption rate of 
1.4 pounds pel' acre daily occurred during the interval 94 to 
101 days after planting. There was considerable redistribution 
of the nitrogen ·within the plant in the latter part of the season. 
During the period from the eighty-seventh day to maturity at 
135 days, the total nitrogen content of the plant increased 48 
pounds per acre, but the nitrogen content of the seeds and pods 
increased 121 pounds and that of the remainder of the plant 
decreased 73 pounds. Nitrogen was also lost from the pods. 
On the one-lmndred-eighth day, the pods contained 18 pounds 
of nitrogen per acre, aud at maturity on the one-hundred-
thirty-fifth day they contained only 7 pounds. In the mature 
plants, the distribution of the total nitrogen was 4 percent in 
the stems and roots, 12 percent in the leaves, 4 percent in the 
pods and 80 percent in the grain. 
Phosphorns was absorbed in smaller amounts than were any 
of the other elements investigated. The mature plants on thu 
\V ubster soil contained 17 ponnds of phosphorus. The maximum 
absol'l)tion rate of 0.35 pound per acre daily occurred during 
the interval 80 to 87 days after planting. The behavior of phos-
phorus paralleled that of nitrogen, both nutrients showing' 
considerable transfer to the developing seeds and pods. During 
the period from the eighty-seventh day to maturity at 135 
days, the total amount of phosphorus in the plant increased 
4.6 pounds per acre, but the phosphorus content of the seeds 
and pods increased 11.4 pounds and that of the vegetative 
portion of the plant decreased 6.8 pounds. In the mature plants, 
the c1istJ'ihntion of the total phosphorus was 4 percent in th<.> 
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stems and roots, 10 percent in the leaves, 4 percent in the pods 
and 83 percent in the grain. 
Potassium was absorbed to the extent of 56 pounds pel' 
acre on the 'Vebster soil. The maximum absorption rate was 
1.7 pounds per acre daily during the interval 87 to 94 days 
after planting. From the eightieth day to maturity at 135 days, 
the total potassium content of the plants increased 24 pounds, 
but the potassium content of the seeds and pods increased 46 
pounds and that of the vegetative portion of the plant decreased 
22 pounds. In the mature plants, the distribution of the total 
potassium was 5 percent in the stems and roots, 6 percent in 
the leaves, IT percent in the pods and 72 pereent in the grain. 
Oalcium was absorbed in amounts second only to nitrogen. 
The mature plants contained 105 pounds of calcium per acre 
on the Webster soil. The maximum absorption rate of 2.8 
pounds per acre daily occurred during the interval 73 to 80 
days after planting. In contrast to the behavior of nitrogen, 
phosphorus and potassium, the amount of calcium in the vege-
tative portion of the plant increased during the development 
of the seeds and pods. There was but little movement of cal-
cium to the grain. In the mature plants, the distribution of the 
total calcium was 9 percent in the stems and roots, 77 percent 
in the leaves, 8 percent in the pods and 6 percent in the grain. 
Magnesium was absorbed to the extent of 66 pounds pel' 
acre by the plants on the Webster soil. The maximum absorp-
tion rate of 1.5 pounds per acre daily occurred during the 
interval 73 to 80 days after planting. With magnesium, as with 
calcium, the rate of uptake from the soil exceeded the rate of 
transfer to the seed, so that the magnesium content of the 
vegetative portion of the plant increased during the time the 
seeds and pods were developing. In the mature plants, the dis-
tribution of total magnesium was 15 percent in the stems and 
roots, 66 percent in the leaves, 9 percent in the pods and 11 
percentin the grain. 
Although the yield of soybeans was much lower on the 
Olarion soil than on the Webster soil, the composition and 
behavior of the plants on the two soils was similar in most 
respects. The major difference was with phosphorus, which was 
evidently deficient in the plants on the Olarion soil. As the 
plants increased in age, the phosphorus pcrcentage in plants 
on the Olarion soil became progressively lower than that in 
plants on the Webster soil. During grain Iormation, there was 
a relatively greater translocation of phosphorus from the vege-
tative portion of plants on the Olarion soil than on the Web-
ster soil. The phosphorus percentage in the grain was 0.44 on 
the Olarion soil and 0.60 on the Webster soil. The pereentages 
01 other nutrients in the grain showed practically no difference 
between soils. 
Nutrient Uptake by Soybeans 
on Two Iowa Soils! 
By L. C. HAlII:IfOXD2 , C. A. BLACK' AND A. G. NOR~IAN' 
Although the soybean was introduced into thc United Statcs 
ill 1804, it is only recently that its production has increased 
to the point where as a cash-grain crop it ranks fourth in the 
United States and second in the Midwest. It is perhaps owing 
to the relatively new status of the soybean as an important 
crop that the soil fertility requirements are not as yet well 
understood. 
Notwithstanding the fact that soybean yields increase with 
the fertility level of the soil, experiments in the Midwest have 
shown in general that soybeans do not give the profitable 
response to direct application of fertilizer that is obtained with 
corn. The yield increases produced by direct application of 
fertilizers are comparatively small and unpredictable. 'l'his 
behavior may result from plant characteristics that have been 
classified as feeding power or it may result from a lack of 
knowledge of the plant in relation to its environment so that 
advantage is not taken of the proper means to bring about a 
profitable increasc in yield from fertilizer application. Regard-
ing' the latter point, Norman (20) has suggested that infor-
mation on the nutritional needs of the plant during its various 
stages of growth might be of considerablc value in the expcri-
mental approach to the soil fertility problems of the soybean. 
To obtain such information for soybeans grown in the field 
on two Iowa soils differing widely in fertility level was the 
primary object of the present investigation. 
REVIEW OF LITERATURE 
For more than half a century, the course of nutrient ahsorp-
tion by plants throughout the growing season has been utilized 
as a llleans of ohtaining information on the nutrient require-
ments. Three generalizations that have emerged from these 
studies may he summarized briefly as follows: First, the ab-
sorption of nutrients by most plants precedes synthesis of dry 
matter. Second, plants may make heavy seasonal demands for 
nutrients. Third, plants show important differences in the 
'Project 782 of the Iowo. Agricultural Experiment Station. 
"Formerly research fellow, Iowa State College. Now assistant professor 
of soils. University of Florida, Gainesville, Fla. 
'Professor of soils, Iowo. State College. 
'Formerly professor of soils. Iowo. Sto.te College. Now division chief, 
Biological Department, Chemical Corps, Camp Detrick, Fn;(lerick, Md. 
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relative quantities of the various nutrients absorbed. Remy 
(24) has made an interpretation of the literature on the general 
subject of seasonal nutrient absorption. 
The most comprehensive work previously reported on the 
course of nutrient absorption by soybeans is that of Borst anel. 
'l'luitcher (3) in Ohio. In their investigation, the i'ate of dry 
matter elaboration and the rate of nutrient uptake wore found 
to be more or less parallel, with the peak rates occurring at 
nearly the same time. Nutrients were found to be translocated 
from vegetative organs to the seed during the period of seed 
development; however, the fact that the total content of 
nutrients in the plant increased during seed formation indi-
cates that the translocation of nutrients to the seed from other 
plant parts was not the sole source of supply for the dcveloping 
seed. Accumulation of nutrients in the seed' was more rapid 
than was the decrease in other plant parts. On the other hand, 
Austin (1) and Webster (30) both observed the continuous 
uptake of nitrogen during seed formation, but failed to find 
evidence for the enrichment of the seed with nitrogen at the 
expense of the vegetative portion of thc plant. It is probable 
that in these latter experiments, harvests wel'e not made late 
enough to detect the movement of nitrogen from the leaves 
before they fell. 
The soybean plant varies in composition at different stage.~ 
of growth. In the experiments of Borst and Thatcher (3), the 
nitrogen percentage in the total tops decreased steadily with 
increasing age of the plant until a few weeks before maturity, 
when the t1'ond was reversed and the nitrog'en pel'centage in-
creased. Erdman (9) and Metzger ct ill. (16), madJ similar 
findings, but Uhland (29) found no snch process to take place 
when the weight and nitrogen percentage of fallen leaves were 
taken into consideration. Borst and Thatcher (3) found that 
the phosphorus percentage remained constant, while thc potas-
sium percentage decreased following blooming and then in-
creased III the latter part of the season. Calcium and magnesium 
Fhowecl a steady decrease. 
MATERIALS AND IVIETHODS 
FIELD PROCEDURE AND PREPARATION OP,MA'l'ERIALS 
Inoeulated Richland soybeans were planted May 22, 1946, 
hy drilling in 3S-inch rows at the rate of approximately 1 
hnshel per acre on a field at the Agronomy Farm neal' Ames. 
No fertilizers were applied. Two areas, each slightly less than 
0.2 acre in size, were selected for sampling in this field. Each 
at'ea was divided into 10 plots, each of which was 10 rows in 
width and 24 feet in length. The plots were then divided into 
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four subplots, each of which was 10 rows in width and 6 feet 
in length. 
The soil in one area was vV' e bster silt loam, a member of 
the \Viesenboden great soil group, and that in the other area 
was Clarion loam, a member of the Prairie great soil group. 
The former area was flat, but was well drained and uniform; 
the latter area was located on a small knoll where the slope 
varied from 1 to 4 percent and the depth of surface soil was 
variable. As a result, the fertility of the Clarion loam arca was 
not as nniform as was that of the vV'ebster silt loam area. A 
composite sample of soil was obtained from each soil area by 
taking three samples with a soil auger from the surface 6 
inches of soil on each subplot. These samples were air-dried, 
pulverized to pass a 2-millimeter sieve and stored for analysis. 
Plant samples were taken regularly at weekly intervals 
after a few uneven intervals during the first few weeks of 
growth. Each sample from an area consisted of one 2-foot 
section of row from each of the 10 plots. The row section to 
be sampled in each plot was located at random in one of the 
four subplots. No samples were taken from locations directly 
adjoining those from which samples previously had been with-
drawn. 
\Vhen the plant samples had been dug, they \vere placed 
in mcks and taken immediately to the laboratory, where the 
soil was removed from the roots by washing with a stream of 
water. The green weight and the number of plants pel' sample 
were then recorded. Of 10 samples from each area, fOUl' were 
taken at random and dried in an oven at 60° C. Using tlw 
average dry matter percentage in these four dried samples, 
the dry weight of the six remaining ulldl'ied samples was esti-
mated. The yield of dry matter per acre at each sampling 
period was estimated by multiplying the weight per plant 
(calculated from the total weight llnd total number of plants 
1)81' 10 samples representing 20 feet of row) by the average 
number of plants per acre. 'I'hc data that formed the basis fOl' 
this procedme are analyzed in appendix A. 
A composite sample for chemieal analysis was taken from 
the six undried samples. Twenty-foul' plants, representing fOUl' 
plants taken" at random from each of the six samples, were 
composited, dried at GO° C., ground in a Christy-Norris mill, 
and stored in bottles for analysis. This sample consisted of the 
whole plant until the pods began to form. At this time, and 
at all subsequent harvest pel'lods, the pods were picked from 
the plants and were dried separately. \Vhen t.he seeds were 
large enough to be separated from the hulls, the seeds and 
hulls were dried and weighed separately. These separations, 
made on 24 plants, served as samples fOl' chemieal dctermi-
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nations and as a basis for estimating the yields of the various 
plant parts separately. At the final harvest, however, all the 
plants harvested in the 10 2-100t row samples were separated 
into seeds, hulls and stems plus roots to provide a more accu-
rate estimate of the relative yields. 
For studying leaf fall in the later stages of growth, traps 
of cheesecloth were constructed around 10 2-foot row sections 
on each soil area. Fallen leaves were gathered from the traps 
at intervals that did not coincide with the regular harvests. 
The dry weight was recorded for each sample, after which all 
10 samples on each soil area were composited, ground and 
stored for chemical analysis. An estimate of the total weight 
of leaves per acre was made from these data. At the last har-
vest; plants in the leaf traps were harvested for plant weight 
and seed yield determinations. An additional sampling of seed 
from 10 2-foot row sections on each soil gave a total of three 
different samplings from which to estimate the average yield 
of seed per acre. 
METHODS OF CHEMICAL ANALYSIS 
The analysis of the plant material was made in a sequence 
that followed the general outline suggested by Kelly, Hunter 
and Sterges (13), but different methods of determining the 
individual elements were used in most cases. Determinations 
were made on aliquots from a sulfuric acid digest.' Nitrogen 
was determined by the Nesslerization of the ammonia, using 
gum arabic as a protective colloid, as recommended by Chiles 
(7). Phosphorus was determined by the method, of Truog and 
Meyer (28). Potassium was determined by using a slight modi-
fication of the indirect dipierylamine method of Lawton (15). 
'1'he removal of manganese, iron, aluminum and phosphorus for 
the determination of calcium and magnesium was made by the 
method of Peech (22). Calcium was precipitated as the oxalate 
and titrated with standard potassium permanganate. Mag-
nesium was determined in the liquid supernatant to the pre-
cipitated calcium by a modification of the thiazol-yellow pro-
cedure of Mikkelsen and Toth (17). In the modified method, 
2 milliliters of 5 percent hydroxylamine hydrochloride, 30 mil-
liliters of water, 1 milliliter of 0.5 percent thiazol yellow, and 
10 milliliters of 1.5 N sodium hydroxide containing 1 drop of 
freshly prepared starch solution were added successively to a 
l)·milliliter aliquot of the test solution in a 50-milliliter flask; 
the contents were made to volume with distilled water, and 
the light transmission was measured with an Evelyn photo-
electric colorimeter with filter 540. All plant composition datn 
were calculated on the dry-matter basis. 
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In the soil samples, ammonia and nitrate nitrogen were 
determined together on an aliquot of a 2 N KCl extract by 
distilling off the ammonia following the addition of Devarda's 
alloy to reduce the nitrates. "Adsorbed" phosphorus was deter·· 
mined by method number 1 of Bray and Kurtz (4), with modi-
fications as used in the Iowa State College Soil Testing Labora-
tory. The cation exchange capacity was determined by the 
ammonium acetate method. Total exchangeable bases were 
determined in the ammonium acetate leachate by the method 
of Bray and Willhite (5). The solution left from the deter-
mination of exchangeable bases was then analyzed for calcium, 
magnesium and potassium by the procedure described for these 
elements in the analysis of the plants. 
RESULTS 
WEATHER CONDITIONS 
Weather data for Ames (appendix B, table 1) during the 
summer of 1946 indicate that the moisture supply was ade-
quate during the early part of the season and was not critically 
limiting during July and August. Temperatures were slightly 
above normal. 
The weather conditions during the growing season were 
generally favorable for the growth of soybeans in Iowa. The 
average acre yield of soybeans for the statc as a whole was 
23 bushels, and there were a few reports of yields as high as 
50 bushels on individual fields. In this experiment, the acre 
yields were 43.0 and 25.9 bushels on the Webster and Clarion 
soils, respectively. 
SOIL CONDITIONS 
Both the Clarion and Webster soils were approximately 
neutral in reaction, and both were relatively well supplied with 
all the nutrients for which analyses were made except phos-
phorus (appendix B, table 5), but th~ Webster soil containcd 
larger amounts of each. According to the standards used in 
interpreting the soil phosphorus test in Iowa, the phosphorus 
availability would be predicted as low in the Clarion soil and 
as medium to high in the Webster soil. These differences be-
tween the soils were related to the nutrient content and growth 
of the soybeans. 
No analysis was made for total soil nitrogen, but there is 
no doubt that the total nitrogen content of the Webster silt 
loam was in excess of that of the Clarion loam. The availability 
of nitrogen. in the two soils probably differed more than is 
indicated by the difference of about one-fourth in their content 
of ammonia and nitrate nitrogen at sampling. Although the 
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soybeans were all inoculated before planting, the root nodules 
were small and dispersed over the lateral roots of the plants 
on the -Webster soil, whereas the nodules were large and con-
centrated in clusters around the tap root of soybean plant::; 
grown on the Clarion soil. In a supplementary greenhouse 
experiment in which the supply of soil nitrogen was varied 
by nitrogen fertilization, the nodulation of soybeans on the 
unfertilized soil was similar to that on the Clarion soiL and 
the nodulation of soybeans on the fertilized soil was similar to 
that on the Webster soil. 
GROWTH PERIODS IN SOYBEAN DEVELOPMENT 
An examination of the yield data (fig. 1 and appendix B. 
table 3) showed that on each soil the curves for dry-matter 
accumulation with timc up to the beginning of leaf fall con-
sisted of three consecutive periods of exponential growth. The 
greatest relative rate of dry-matter accumulation occurred 
during the early life of the plant, and thereafter the relative 
rate decreased at intervals. The changes in the relative rate 
of dry-matter accumulation occurred somewhat earlier on the 
Clarion soil than thcy did on the Webster soil, but on each soil 
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Fig. 1. Dry matter accumulation curves for soybean plants and plant 
parts on -Webster and Clarion soils. 
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the changes took place at the same points in the development 
of the plants. The first change in the relative rate of dry matter 
accumulation occurred at approximately the time the plants 
flowered, and the second change occurred at approximately the 
time the plants reached their maximum height. Similar changes 
occurred in soybeans grown in a supplementary experimen1 
in the greenhouse. Since these different periods of exponential 
dry-matter production apparently represent physiological 
stages in the development of the plant, they were used as the 
basis for subdividing the nutrient accumulation into periods. 
A full description of the analysis of the dry-matter accumu-
lation curves has been present~d elsewhere (12). 
NUTRIENT CONTENT OF SOYBEANS THROUGHOUT THE SEASON 
The content of the various nutrients in the soybean plants 
throughout the season is shown in figs. 2 to 6 and in appendix 
B, tables 6 to 10. A comparison of the nutrient uptake curves 
with the dry-matter accumulation curves in fig. 1 shows that 
nutrient uptake and dry-matter accumulation largely paralleled 
each other up to a maximum at the twelfth harvest, 101 days 
after planting. The nitrogen accumulation curve reached a 
maximum at the eleventh harvest instead of the twelfth harvest 
on the Webster soil, probably because of an overestimate in 
the seed yield at the eleventh harvest. 
Leaf fall complicated the picture after the twelfth harvest, 
the curves reflecting the loss of dry matter and nutrients in 
the falling leaves. Where the amounts of dry matter and nu-
trients in the fallen leaves were taken into account, the values 
at. the final harvest 'of mature soybeans werc invariably higher 
than those at the twelfth harvest on the Webster soil, thus 
suggesting that the accumulation of dry matter and nutrients 
continued up to final maturity. The opposite was the cnse with 
the soybeans grown on the Clarion soil, where the content of 
dry matter and nutrients in the total plants was lower at the 
final harvest of mature soybeans than it was at the twelfth 
harvest just before leaf fall began. The results on the Clarion 
soil were probably caused by an overestimate of the yield at 
the twelfth harvest. 
As the soybean plants developed during the season the 
mineral composition changed, the later analyses showing lower 
percentage figures than did the analyses made on the early 
sampling. The degree of change varied between nutrients. If 
the percentage figures for the total plant obtained at the first 
harvest are given a relative value of 100, the corresponding 
figures at the twelfth harvest (the last harvest before there 
was any appreciable leaf fall) were 56, 71, 52, 77 and 91 for 
nitrogen, phosphorus, potassium, calcium and magnesium, 
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Fig. 2. Nitrogen percentage in the soybean plant and plant parts and 
pounds of nitrogen per acre in the total plant at different stages of growth 
on 'Vebster and Clarion soils. 
respectively. The greatest relative decreases thus were obtained 
with nitrogen and potassium, and the smallest decrease was 
obtained with magnesium. Phosphorus and calcium were inter-
mediate. The relative decreases between the two sampling 
dates were similar on the two soils except for magnesium and 
phosphorus. There was no decrease of magnesium on the Web-
ster soil but there was a drop to 82 percent on the Clarion soil. 
'l'he relative figures for phosphorus were 84 percent on the 
Webster soil and 58 percent on the Clarion soil, suggesting a 
relative deficiency of phosphorus in the Clarion soil. 
Between the twelfth harvest and the final harvest of the 
mature plants there was little change in the percentages of 
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Fig. 3. Phosphorus percelltage in the soybean plant and plant parts and 
pounds of phosphorus per acre in the total plant at different stages of growth 
on 'Vebster and Clarion soils. 
the various nutrients where the weight and composition of the 
fallen leaves were considered (from table 1). However, if the 
analyses of the mature plants without leaves are compared 
with the analyses of the plants at the twelfth harvest when 
the leaves were still present, the mature plants show a definite 
increase in the nitrogen, phosphorus amI potassium percent-
ages and a definite decrease in the calcium and magnesium 
percentag·es. These changes are indicative of thc relative 
poverty of the fallen leaves in nitrogen, phosphorus and potas-
sium and their richness in calcium and magnesium. The dif-
ference in results obtained using these two bases of comparison 
furnishes an explanation for the finding of Erdman (9) and 
of Metzger ct al. (16), that the nitrogen percentage in soy-
bean tops increased just prior to maturity when fallen leaves 
were not considered, and for the finding of Uhland (29) that 
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the nitrogen percentage did not increase when fallen leaves 
were included in the samples for analysis. 
In the developing pods, there was a decrease in nitrogen and 
phosphorus percentages with time and an increase in mag-
ncsium. Potassium and calcium percentages showed no marked 
trend. In the developing seed, phosphorus and magnesium 
percentages increased with time, but nitrogen, potassium and 
calcium percentages showed no particular trends. 
At all times throughout thc season, the soybeans grown on 
the "'oN ebster soil contained a greater total amount of nutrients 
per acre than did the soybeans on the Clarion soil except for 
one harvest in which there was more potassium in the plants 
OIl the Clarion soil. The potassiulll accumulation curves are the 
least uniform of the group, however, so that this point may be 
in errol'. The percentages of the various elements in the total 
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pounds of calcium per acre in the total plant at different stages of growth 
on Webster and Clarion soils. 
plant and different plant parts give a better picture of the 
soil effects than do the nutrient accumulation curves. For the 
total plant through the eighth harvest, the percentages of 
nitrogen, phosphorus, calcium and magnesium were higher in 
the plants from the the Webster soil. The percentage of potas-
shlm fluctuated around approximately the same value in plants 
on the two soils. After the eighth harvest, the percentage of 
all five elements in the total plant less seeds, pods and leaf fall 
\vas greater in the plants on the Webster soil with the excep-
tion of two harvests in which the percentage of calcium was 
less than on the Olarion soil. The percentage values for the 
whole plants less leaf fall were likewise greater in the plants 
grown on the Webster soil. The greatest difference was in the 
phosphorus percentage. 
The total seeds and pods on the Clarion soil contained the 
higher percentages of calcium and magnesium, and the lower 
percentages of nitrogen, phosphorus and potassium. In the pods, 
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Fig. 6. Magnesium percentage In the soybean plant and plant parts and 
pounds of magnesium per aCl'e in the total plant at different stages of growth 
on Webster and Clarion solis. 
the nitrogen and phosphorus percentages were higher in plants 
on the Webster soil, and the calcium and magnesium percent-
ages were higher in plants on the Clarion soil. The potassium 
percentage was about the same in the pods on both soils. 
Soil type in this experiment affected the composition of the 
seed only in the phosphorus percentage, the results being 0.60 
percent on the Webster soil and 0.44 percent on the Clarion 
soil. This result is in agreement with data from a large number 
of experiments conducted over a period of 5 years at the Agri-
cultural Experiment Stations in Iowa, Missouri, Illinois, In-
diana and Ohio and reported by Cartter and Hopper (6), in 
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which it was found that the variation in C9mposition of soy-
bean seed associated with location was greater in the case of 
phosphorus than it was with other nutrients. The soybean 
seed from Ames, Iowa, averaged lowest in phosphorus percent-
age; in one year, a low value of 0.43 percent was obtained. 
Beeson (2) reported an average figure of 0.78 percent with a 
range from 0.50 to 1.08 percent in the phosphorus content of 
soybean seed analyzed by various investigators. On the basis 
of these results, it appear.s that the soybeans grown on the 
Clarion soil were deficient in phosphorus. 
NUTRIENT UPTAKE BY GROWTH PERIODS 
The dry-matter accumulation curves of soybeans grown on 
the two soils up to thc time of leaf fall can bc divided into 
three separate segments, in each of which an exponential're-
lationship is evident, as was mentioned previously. Therefore, 
in the separation of the dry-mattpr and nutrient accumulation 
data by stages of· plant development it appeared to be more 
logical to make the separation on the basis of these three 
growth stages than to use some other more arbitrary basis. This 
separation does not take into account the dry matter and nu-
trient accumulation after the beginning of leaf fall. The per-
centages of the total accumulation of dry matter and nutrients 
made in each of the three periods of growth arc shown graph-
ically in figs. 7 and 8, and arc shown in tabular form in ap-
pendix E, table 11. 
During the first growth period, which included the time 
from planting to blooming, the uptake of nutrients was rela-
tively more rapid than was the accumulation of dry matter in 
the soybeans on both soils. With the exception of calcium, the 
same was truc on the Clarion soil in the second growth period, 
which included the time from blooming to attainment of maxi-
mum height. On the Webster soil in the second growth period, 
the fraction of the total calcium and magnesium accumulated 
exceeded the fraction of dry matter, but' the fraction of the 
nitrogen, phosphorus and potassium accumulated was less than 
that of dry matter. In the third growth period, which included 
the time from attainment of maximum height to the beginning 
of leaf fall, the fraction of the total dry matter accumulated 
exceeded that of most of the nutrients on both soils. There was 
thus a gradual shift from a predominance of nutrient accumu-
lation in the first period to a predominance of dry matter ac-
eumnlation in the third period. 
The time of greatest dry matter production was during the 
second period on the \Yebster soil and during the third period 
on the Clarion soil. The relative lateness of dry matter ac-
cumulation in the soybeans on the Clarion soil is perhaps 
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related to the lower yield on this soil than on the Webster soil. 
'1'he difference between the two soils, however, was probably 
smaller than is indicated by figs. 7 and 8, because the final 
yicld in the third period on the Clal'ion soil appears to be a 
considerable overestimate. If the final yield in this period is 
estimated by regression, the figures for percentage of total dry 
matter accumulation become 44 percent in the second period 
and 41 percent in the third period. ' 
As regards the nutrients, the largest quantities were ab-
sorbed during the second and third periods, particularly on 
the Clarion soil. Nutrient accumUlation, like dry-matter ac-
eumulation, was relatively more deferred on the Clarion soil 
than on the Webster soil. The second period was the time of 
greatest uptake of nitrogen, phosphorus, calcium and mag-
nesium on the Wehster soil, and or phosphorus, potassium and 
magnesium on the Clarion soil. The third period was the time 
of greatest uptake of potassium on the Wehstel' soil and of 
nitrogen and calcium on the Clarion soil. The only ehange in 
the ahove relationship resulting fl'Om the mc of .thc estimated 
yield value for the last harvest of the third period on the CIaI" 
ion soil is that the greatest nitrogen uptake shifts from the 
third period to the second. 
On both soils there is evident a reciprocal relationship in 
the uptake of potassium and calciulll in the different growth 
periods. In periods when potassiulll absorption was relatively 
high, calcium absorption was relatively low, and vice versa. 
RATE OF' NUTRIENT UPTAKE 
In fig. 9 (derived from tables 6 to 10, appendix B), the 
rates of aceumulation of the different nutrients as pounds per 
acre per day are shown for the Webster soil at sampling 
intervals up to the time of leaf fall. The absorption rates were 
highest with nitrogen, intermediate with potassium, calcium 
and magnesium, and lowest with phosphorus. The pe'ak absorp-
tion rate of nitrogen was 4.4 pounds per acre per day, whereas 
the peak absorption rate of phosphorus was 0.35 pound pel' 
acre per day. 
In general, during most of the season the absorption rate 
gradually inereased up to a peak, after which there was a de-
cline. The peak absorption rate occurred at different times 
with the different nutrients. With calcium and magnesium, the 
peak rate occurred during the 73- to 80-day interval. With 
phosphorus, it occurred during the 80- to 87 -day interval, and 
with potassium and. nitrogen it occurred during the 87- to 
94·day interval. Since the supply of none of these nutrients 
was known to be limiting in the Webster soil, the variation in 
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time of peak absorption rate probably resulted from differences 
in time rate of requirement for the various nutrients by the 
plants. It may thus be speculated that the relatively heavy 
drain of seed production on the nitrogen, potassium and phos-
phorus in the vegetative organs was a cause of the differential 
demand. As will be pointed out below, little of the calcium 
or magnesium in thc plant was transferred to the seed. A more 
indusive hypothcsis is needed, however, to account for the 
additional fact that in the period included in the last interval 
in fig. 9 and the remaining time until maturity the absorption 
of calcium and magnesium did not cease, but continued at It 
substantial rate. 
TRANSLOCATION OF DRY MATTER 
As the growing- plant develops and proceeds toward ma-
turity, there is a redistribution of dry matter and nutrients 
between certain of the plant pa1'ts. Strictly speaking, virtually 
the entire amounts of the nutrient clements found in the ahovp-
ground portions of the plant have been tl'ansloeated from the 
roots or from the original seed, and virtually all the dry mat-
ter in the roots and seeds has bpen translocated from the above-
ground photosynthetic parts of the plants. For present pur-
poses, howcvcr, only decreases deteetahle in a previously exist-
ing plant part will he considered as translocation. 
From figs. 10 and 11 it is evident that the seeds and pods 
continued to increase in weight :liter leaf fall began. 'When 
the weight of fallen leaves is added to the weight of the 
remainder of the plant at the final harvest, the sum on the 
'Webster soil is greater than the weight of the plants at the 
twelfth harvest (101 days after planting), just before leaf fall 
began j on the Clarion soil, however, the final total weight h 
less than the weight at the twelfth harvest. As previously 
indicated, it is probable that the yield of plants on the Clarion 
soil was overestimated at the twelfth harvest. If the regression 
equation for the third growth period on the Clarion soil is 
rccaleulated omitting' the variant datum for the twelfth har-
vest, the estimated yield at this ha1've'5t is 4250 pounds per 
acre. This value is 48 pounds pel' acre below that for t h(' final 
total yield, indicating' that some accumulation of dry matter 
"'as still occul'I'ing during ]eaf fall. 
On both soils, it is evident that the increase in total weight 
of the plant after the ninth harvest was largely accounted for 
by the growth of seeds and pods. From the twelfth harvest 
to the final hal'Yest, the seeds and pods of soybeans on the \Veb·· 
ster soil increased in weight by 1515 pounds per acre. \Vhen 
the weight of fallen leaves is taken into account, it is found 
tha.t the whole plant increased in weight by only 669 pounds 
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per acre during the same period. Subtracting the latter from 
the former figure gives an 846-pound increase in weight of 
seeds and pods from the twelfth to the final harvest that was 
produced at the expense of the remainder of the plant. That 
this translocation of dry matter took place not only from the 
leaves but also from the stem and root portions of the plant 
i" indicated by the fact that the weight of fallen leaves did not 
account for all the loss of weight from the vegetative parts 
of the plant after the twelfth harvest. Similar calculations 
made on the data from the soybeans grown on the Clarion soil 
(fig. 11) indicate a translocation of 381 pounds of dry matter 
from the vegetative parts into the seeds and pods during the 
period from the twelfth harvest to the final harvest of mattll'l.~ 
soybeans. 
TRANSLOCATION OF NUTRIENTS 
The nitrogen accumulation curves in fig. 12 (and in ap-
pendix B, table 6) show that there was considerable redistri-
bution of the nitrogen within the plant during the latter part 
of the season. On the Webster soil, the plant less seeds and pod" 
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containcd its maximum amount of nitrogen, 104 pounds per 
acre, at the tenth harvest 87 days after planting. At the final 
harvest 135 days after planting, the plant less seeds and pods 
contained only 31 pounds of nitrogen, a loss of 70 percent. The 
secds and pods, on the other hand, containcd 32 pounds of 
nitrogen per acre at the former harvest and 153 pounds at 
the latter date. Thus, while the total nitrogcn content of the 
plant incrcascd 48 pounds pel' acre during the period from the 
eighty-seventh to the one-hundred-thirty-fifth day, the nitrogen 
content of thc seeds and pods increased 121 pounds and that 
of the plant less seeds and pods increased 73 pounds. Tha1 
nitrogen originally stored in the pods is finally lost, presumably 
to the seeds, is indicated by fig. 13, which shows that although 
the weight of the pods increased during the final stages of 
growth, the mature pods contained less than half as much total 
nitrogen at maturity as they did when they were first sepa-
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rated from the seeds for analysis. The amount of nitrogen lost 
from the vegetative portion of the plant and from the pods is 
equivalent to 58 percent of the nitrogen contained in the ma-
ture seeds. 
Nitrogen translocation in the plants on the Clarion soil was 
similar to that just described for the plants on the Webster 
soil except that the process started with the beginning of the 
third growth period, or 2 to 3 weeks earlier than it did on the 
Webster soil. The nitrogen lost from the vegetative portion of 
the plants on the Clarion soil amounted to 47 pounds per acre, 
a loss of 73 percent. The nitrogen lost from the vegetative por-
tion of the plant and from the pods was equivalent to 64 per· 
cent of the nitrogen contained in the mature seeds. 
From table 1 and appendix B, tables 7 and 8, it can be seen 
that during the final stages of growth, phosphorus and potas-
sium increased in the seeds and decreased in the remainder 
of the plant. The amount of phosphorus lost by the vegetative 
portions of the pods was equivalent to 56 percent of the phos-
phorus in the mature seeds on the 'Webster soil and to; 71 per-
cent of the phosphorus in the mature seeds on the Clarion soil. 
'I'he greater phosphorus depletion of the vegetative organs of 
the plants during seed formation on the Clarion soil is a fur-
ther indication of relatively greater phosphorus deficiency in 
this soil than in the Webster soil. 
Translocation of potassium in the plants on both soils pro-
ceeded slowly during the third growth period and increased 
rapidly after leaf fall began. Therc was little change in the 
potassium contcnt of thc pods; most of the potassium came 
from the leaves, stems and roots. The amount of potassium 
lost by the vegetative portions and the pods was equivalent 
to 59 percent of the potassium in the mature seeds on the 
Webster soil and to 97 percent of the potassium in the mature 
seeds on the Clarion soil. This difference does not indicate a 
deficiency of potassium in the Clarion soil. For several weeks 
prior to the development of the pods, the potassium percent-
age in the plants was greater on the Clarion soil than on the 
Webster soil. In the fallen leaves likewise, the potassium per-
centage was greater on the Clarion soil than on the Webster 
soil. 
Calcium and magnesium did not accumulate in large quan-
tities in the seed. Since the uptake of these elements in the 
plant continued during leaf fall in quantities in excess of 
those being withdrawn by the seed, there was no terminal de-
crease in the content of calcium and magnesium in the vege-
tative portion of the plant when the amounts in the fallen 
leaves are taken into account (table 1 and appendix B, tables 
9 and 10). 
TABLE 1. DRY WEIGHT AND NUTRIENT CONTENT OF FALLEN LEAVES OF 80YBEAN PLANn:; AT INDIVIDUAL HARVESTS. 
Compositi0n of dry matter 
Days Dry weight Nitrol!~n Phosphorus Potsssiwn Calcium ~la~ncsium 
Harvest no. Date from 
-1--1--1--1--1--1-plant- Gram. Lb.. Lb.. Lbs. Lb.. I,bs. Lb •. ing per pcr Percont per Perrent per Percent per Percent pcr Percent per 
pla.nt acre acre acre acrl3 acre acre 
Webs!er soil 
1 Sept. 2 lo.~ 0.323 97 1.53 1.48 0.143 0.14 0.2.'; 0.24 3.57 3.46 1.91 1.85 
2 Sept. 12 113 2.198 661 1.32 S.72 0.0\10 0.60 0.20 1.32 3.86 25.5J 1.90 12.56 
3 Sept. 19 120 4.227 1271 1.00 12.71 0.071 0.91 0~14 1.78 3.96 50.33 2.13 27.07 
4 Sept. 28 129 0.534 161 0.79 1.27 0.069 0.11 0.11 0.18 3.30 5.30 220 3.53 
Total n._ .... · ________ 
---- .. ---- 7.282 2189 1.10* 24.18 O.OSO· 1.76 0.16* 3.1,2 3.86* 84.60 2.0fJ* 4!i.01 
Adjusted tot&11 
"'-"'--'---"-'-
6.945 2088 --_ ............. 22.97 --_ .. _---_._--- 1.67 . __ ._--_ ........ 3.34 _._._--.--._--- 80.61 · ___ ····~_u· ___ 43.02 
Clarion soil 
1 I Sept. 2 1m 0.293 97 1.14 1.10 
0.057 1 
0.05 I 0.31 I 030 I 3. 75 1 :l.63 11.74 11.68 ~ Sept. 12 113 2.590 856 1.00 8.56 O.O·U 0.35 
... I~~: .. 1.71 60 30 82 1.45 2.41 3 Sept. 21 122 0.777 257 0.70 1.80 ... -~:.~~~: 0.08 0.36 3.23 H.43 1.7i 4.55 Total .......... _ .. ___ ... :l.660 1210 0.95" 11.46 0.49 2.37 ... -~".~~:.. ~: g~ .... :.:~~~ .. lU~ Adju.ted totlLlt .............. _ ...... 3.R3!l 1269 12.05 0.51 2.49 
*AverlLge percentagE' vlLlue calculated from the totnl dry weight. ILnd the total weights of nutrient •. 
tAdjusted to the final eHtimated weight pcr plant. 
t;; 
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NUTRIENT CONTENT OF It'ALLEN LEAVES 
The leaves of the soybeans on the Webster soil remained 
green for a longer time and were slower to fall than the leaves 
of the plants on the Clarion soil. 'l'his difference between soils 
is indicated by the magnitude of the leaf harvests at different 
aates, given in table l. 
Since the lower leaves fell first, it might be expected that 
the percentage content of nutrients in the fallen leaves would 
illcrease with successive leaf harvests. With nitrogen, phos-
phorus and potassium, however, the reverse was the ease. The 
longer the leaves remained on the plants, the more thoroughly 
were they depleted of these constituents, the final leaves to 
fall having in some cases less than half the percentage con-
tent of nutrients that was found in the first leaves to fall. 
Calcium and magnesium behaved differently, showing little 
change in the successive harvests, probably because these nu-
trients were not accumulated in large amounts in the develop-
ing seed. 
The falling of leaves of the soybean plants returned to the 
soil most of the calcium and magnesium derived therefrom, but 
returned only a small fraction of the nitrogen, phosphorus and 
potassium. 
NUTRIENT CONTENT OF PARTS OF MATURE SOYBEAN PLAN'!' 
The pounds of the various nutrients found per acre in the 
soybean plant at maturity and.the distribution of the nutrients 
among the plant parts are given in table 2. It is evident that 
relatively large total quantities of nitrogen, calcium, mag-
nesium and potassium were present in the mature plant. It is 
evident also that there was a considerable difference between 
nutrients as regards distribution among the parts of the plant. 
In the ease of nitrogen, phosphorus and potassium, the beans 
contained a greater amount of the respective constituents than 
did all other parts of the plant combined. The percentages 
of the total found in the beans were about 80, 84 and 70 for 
these three nutrients. The remaining quantities of nitrogen and 
phosphorus were found mainly in the leaves, but the remain-
ing quantity of potassium was found mainly in the pods. In 
the case of calcium and magnesium, the leaves contained a 
greater amount of the respective nutrients than did all other 
parts of the plant combined. Only 6 percent of the ealcium and 
11 percent of the magnesium occurred in the beans. These 
data agree in general with the results of Borst and Thatcher 
(3) and Sears (26). . 
TABLE 2. POUNDS OF NlJTRIENTS PER ACRE AND PERCENTAGES OF TOTAL NUTRIENTS IN VARIOUS PARTS 
OF MATURE SOYBEAN PLANTS. 
Plant part 
Stems lllld 
root. 
Leaves 
Pros 
Beans 
Total 
Stems and 
roots 
l .. ea\"'cs 
Pods 
Beans 
Nitrogen 
--W:-eb-.tP.-.-r-lclarion 
7.58 4.97 
22.'l7 12.05 
7.03 3.9G 
146.40 85.46 
1&3,98 106,44 
4.12 4.67 
12.49 11.32 
3.82 3.72 
79.tr7 80.29 
Phosphorus 
---W .... eb-.-te-r - Clarion 
Potassium 
Webster Clarion 
Pounds of nutrients per aere 
0.57 0.27 2.64 1.88 
1.67 0.51 3.in 2.49 
0.62 . 0.25 9.7'! 7.08 
H.().! 6,08 39.{l7 23.11 
17.00 7,11 55.69 31.56 
Percent9ge of total nutrient content 
3.94 3.80 4.74 5.44 
9.82 7.17 6.00 7.20 
3.65 3.52 17.49 20.49 
82.59 85.51 71.77 66.87 
-----
Cslrium Magnesium 
'V .. bster Clnrion Websret· Clarion 
9.56 5.74 9.89 4.64 
80.61 44.91 43.02 19.54 
8,63 0.14 0.75 5.02 
6.04 3.97 6.97 3.97 
104,84 63.76 65.63 33.17 
9.12 9.00 15.07 13 \l9 
76.89 70.44 65.55 58.91 
8.23 14.34 8.76 15.13 
5.76 6.22 10.62 11.97 
~ 
00 
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DISOUSSION 
Experimental evidence in the Midwest shows that both soy-
beans and corn respond with increases in yield as the general 
level of soil fertility is raised. For example, Pierre (23) re-
ported that under comparable conditions corn and soybeans 
both showed an increase in yield of 41 percent from the ap-
plication of lime and manure. On the other hand, the soil 
fertility relationships of soybeans and corn differ in at least 
two important respects. First, soybeans arc partially inde-
pendent of the soil nitrogen supply because of their symbiotie 
nitrogen-fixing mechanism, whereas corn is completely de-
pendent on the soil nitrogen supply. Second, the response to 
row applications of small amounts of fertilizer at planting 
time is relatively good with corn and relatively poor with 
soybeans. The results of the present investigation, when inter-
preted in the light of other experimental evidence, provide 
some insight into the soil fertility relationshi.ps of the soybean 
crop and the difference between this crop and corn. 
According to the theory of Wilson (31), the relationship 
between the photosynthetic activity of leguminous plants and 
nitrogen fixaHon exerts a controlling influence on excretion of 
nitrogen from the roots. 'Vhere photosynthesis is active, ex-
cretion docs not occur, the fixed nitrogen being utilized by 
the plant in the building of protoplasm. Only a slight exten-
sion of the theory is needed to suggest that during periods ot 
rapid carbohydrate accumulation the rate of ni.trogen fixation 
may be inadequate to supply the full needs of the plant and 
that extra nitrogen in the soil would be helpful in increasing 
the plant growth. 
Oonfirmation of the view that the amount of nitrogen fixed 
by soybeans may sometimes be inadequate to supply the needs 
of the plants has already been obtained in field and greenhouse 
experiment'S in Iowa (8, 19, 21, 27). Oertain evidence (8, 27) 
has also been advanced to show that the increase in yield pro-
duced by a given amount of nitrogen as a delayed application 
is greater Ulan that produced as an application at planting 
time. 
The present investigation furnishes information that helps 
to explain the valne of delayed nitrogen applications. During 
a 7-week period in July and August, the soybeans on the 'Web-
ster soil were accumulating an average of about 100 pounds 
of dry weight and 2.6 pounds of nitrogen per acre per day. 
It is not surprising, therefore, that during sneh a critical period 
of high photosynthetic activity and of rapid nitrogen absorp-
tion, the supply of fixed nitrogen might lag behind plant re-
quirements. Observations on field-grown soybeans in Iowa dur-
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ing this period of rapid growth have disclosed a number of 
instances in which the rather light-green leaf color was sug-
gestive of nitrogen deficiency. 
The fact that soybeans may respond to nitrogen is probably 
one of the reasons why soybean yields increase with the level 
of "soil fertility." In common pal'lan~e there is a close associa-
tion between nitrogen availability and" soil fertility." On the 
other hand, the nitrogen factor probably has some bearing on 
the relatively small response of soybeans to row applications 
of fertilizer at planting time. The high nitrogen content of the 
soybean seed and the property of symbiotic nitrogen fixation 
would both tend to minimize the response to small amounts 
of fertilizer nitrogen during the early-season cool weather when 
soil nitrates are not abundant. 
Another important difference between soybeans and corn is 
the extent to which they respond to phosphorus fertilization. For 
example, in a comparison of corn and soybeans made by Krantz 
et al. (14)5, row application of superphosphate increased the 
early growth of corn 133 percent, whereas it increased the early 
growth of soybeans only 23 percent. The percentage increase in 
final yield of grain averaged 14 with corn and 11 with soybeans. 
If the Fried and Dean (10) equation is applied to the cor-
responding data on percentage of the plant phosphorus derived 
from the fertilizer, it is found that at the early sampling the 
phosphorus availability in the soil and seed, in terms of pounds 
of P205 per acre as available as the P 20 6 in superphosphate, was 
27 with corn and 102 with soybeans. At later sampling dates, 
the soil phosphorus availability, as indicated by the content of 
soil and fertilizer phosphorus in the two crops, was more nearly 
the same. It appears, therefore, that the difference between corn 
and soybeans as regards relative dependence on soil and ferti-
lizer phosphorus was large' in the early part of the season and 
small in the latter part. 
It may be speculated that the difference in phosphate reo 
sponse between corn and soybeans i" an expression of the 
balance between the demand for phosphate and the supply of 
phosphate in the two eases. The demand is determined by the 
relative growth rate and the phosphorus percentage in the 
plant. In the_ experiments of Krantz et al. (14), the phosphorus 
percentage was about the same in the young plants of corn and 
soybeans, but corn had the higher relative growth rate. As a 
result, the demand for phosphorus was higher with corn than 
with soybeans. That an increase in demand will result in a 
shift from the soil toward the fertilizer as a source of phos-
phorus can be predicted on the basis of the Fick diffusion law 
"The numerical data presented are derived in part from the published 
account and In part from a private communication from Dr. B. A. Krantz. 
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(18, p. 161), 'which state<; that the quantity of the substance 
that passes per unit time throug'h unit cross section of the 
diffusion cylinder is proportional to the concentration gradient 
across the cross section. In the present application of the law, 
the minimum requirement for fertilizer phosphorus will be 
found under the hypothetical condition where the rate of phos-
phorus absorption by the root is zero. With gradually increas-
ing rate of phosphorus absorption per unit area of root surface, 
the ratio of fertilizer phosphoI'US absorbed to soil phosphorus 
absorbed will likewise gradually increase, because the concen-
tration gradient that cun be developed between the source and 
the root surface is greater with fertilizer phosphate than with 
soil phosphate. Verification of these deductions is provided 
by the experiment of Robertson ct al. (25), in which it was 
found that where the relative growth rate of corn was increased 
by applying ammonium sulfate and potassium chloride, there 
was an inerease in the ratio of fertilizer phosphorus to soil 
phosphoI'US in young corn plants. '1'he fertilizer phosphorus in 
this case was applied as a band of superphosphate beside the 
row independently of the ammonium sulfate and potassium 
chloride, which were applied in the plowsole. 
Judging from the data of Hammond and Kirkham (12), the 
largest difference in relative growth rate between corn and 
soybeans is found during the early part of the season. The 
relative growth rate of corn decreases more rapidly with time 
than does that of soybeans. As a result, thc growth rates con-
verge during the middle and latter parts of the season. On the 
other hand, the phosphorus percentage in the soybean plant 
exceeds that in the corn plant during this part of the growth 
cycle. In the experiments of Krantz ot al. (14), the total amount 
of phosphorus was virtually the same in the two crops by the 
middle of AUgUflt. Thus, although during early growth the 
demand for phosphorus was far greater with corn than with 
soybeans, the middle and late seaflon demand wa~ mnch the same 
in the two erops. 
In the present experiments, it was found that the phos·· 
phorns percentag-e in the soybean plants 011 the Clarion soil 
became progressively lower with time, down into what was 
undoubtedly a deficiency zone, whereas the phosphorus per-
centage in the soybean plants on the 'Yebstel' soil remained 
relatively steady. Twenty-two days after planting, the phos. 
phorus percentage in plants on the Clarion soil was about 90 
percent as great as that in the plants on the 'Yebster soil, and 
at 101 days after planting, the figure had dropped to about 
60 percent. These results indicate that the relative sufficiency 
of the indigenous phosphorus in the Clarion soil gradllally 
decreased with time as the demand of the plant increased. 
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These considerations lead to the following hypothesis as to 
methods for fertilizing corn and soybeans with phosphate. If 
the soil phosphorus availability is low, both corn and soybeans 
will benefit from an additional supply, of phosphorus during 
the middle and latter part of the season. Application of the 
phosphate in the plow furrow or by broadcasting and plowing 
it under will be more effective than row fertilization in sup·· 
plying this need. In addition, there will be need for a small 
row application of phosphate to meet early season requirements 
of corn. There is little or no need for row application of phos-
phate to soybeans provided enough phosphate is applied as 
indicated above to meet the middle and late season demand. 
By the time the requirement becomes substantial, the roots 
will be in contact with the deep-placed fertilizer. 
Further speculation may be entertained as to an additional 
cause of the limited early season response of soybeans to row 
application of phosphate fertilizer. If response to phosphate is 
a Iunetion of the balance between demand and supply, as 
indicated above, the fact that more phosphorus is present in 
the soybean seed than in the corn seed will result in a smaller 
early season response of the former crop to phosphate. The 
avcrage phosphorus eontcnt of soybean seed i.s about 0.8 per-
cent and that of seed corn is about 0.3 percent. Considering' 
this difference, together with the relative amount of seed plant-
ed, the amount of phosphorus in the seed per acre is about 20 
ti~~les as great with soybeans as with corn. 
Only a small amount of phosphorus is required to produce 
an eaYly season response in corn. In experiments of Gnttay 
(11), the amount of phosphorus absorhed hy corn seed soaked 
in a solution of a phosphate salt produced nearly as great an 
increasc in yield as did the application of 100 pounds of super-
phosphate per acre beside the hills of corn. The amount of 
phosphorus in the corn seed was approximately 1.1 percent 
after the phosphate treatment compared with ,0.3 percent 
originally. 1£ the phosphorus in the soyhean seed has a value 
similar to that of the phosphorus added to the corn seed in 
the experiments of Guttay, the high content of phosphorus in 
the original secel is an impOl'tant factor in limiting the early 
season response of soybeans to row applications of phosphate 
fertilize) .. 
The data obtained in thc present investigation permit SOllle 
evaluation, from the standpoint. of removal of major nutrients, 
of the statement often heard that soybeans are "hm'd on the 
lund." The evidence is clear that if the entire plant were har-
vested, large quantities of nitrogen, potassium, calcium and 
magnesium would bc removcd; Under these circumstances, soy-
beans would he classed as a crop that rapidly depletes soil 
bases. Although the total amount of nitrogen found in the 
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soybean crop is in excess of that in corn grown under com-
parable conditions, the indicated excessive removal of soil 
nitrogen by the soybeans is more apparent than real because 
of the fixation of atmospheric nitrogen. As indicated by the 
appearance of the following crop, soil nitrogen dcpletion by 
soybeans is less severe than soil nitrogen dcpletion by corn or 
small grains. 
If only the beans werc harvestcd, as is the common practice 
in Iowa, the fractional removal of the total nutricnt in the 
plants would be greatest with nitrogen, phosphorus and potas-
sium. The beans contained about 80, 84 and 70 percent of the 
total quantities of the respective clements in the plant in the 
present investigation. In terms of the absolute amount carried 
away in the beans, the drain would be greatest with nitrogen 
and second with potassium. 'l'he actual removal of nitrogen 
from the soil, however, might be equal to or even less than the 
removal of potassium, depending on the proportion of the total 
nitrogen derived from the atmosphere. Although the plant as 
a whole contains large amounts of calcium and magnesium, 
only 6 perccnt of thc calcium and 11 percent of the magncsium 
were found in the grain in the present experiments. Thus. 
while the large quantities of calcium and magnesium in the 
plant suggest a high requirement for these clements, the extent 
of soil depletion therein from the removal of the grain is 
relatively smalL The leaves contain most of the calcium and 
magnesium. 
On the basis that average corn yields are 2.3 times as great 
ag average soybean yields in Iowa, it may be estimated that a 
99-bushel corn yield would be equivalent to the soybean yield 
on the Webstcr soiL The grain of a 99-bushel corn crop would 
contain, on the average, about 94 pounds of nitrogen, 17 pounds 
of phosphorus and 21 pounds of potassium. These amounts 
lllay be compared with the 146 pounds of nitrogen, 14 pounds 
of phosphorus and 40 pounds of potassium found in the 43 
bushels of soybean grain produced per acre on the \Vebster 
soil. Taking into account the fixation of atmospheric nitrogen 
by the soybean crop, it is probable that the removal of soil 
nitrogen in the beans was less than the removal of soil nitrogen 
in the grain of the equivalent corn crop. The removal of phos-
phorus was roughly the same in the two crops, and the removal 
of potassium was about twice as great in the soybean grain as 
in the corn grain. 
It appears, therefore, that although the soybean erop ab-
sorbs large amounts of nutrients, and temporarily depletes the 
soil to that extent, the removal of the grain does not cause 
heavy soil depletion of nutrients other than potassium. The 
removal of potassium in soybean grain is about twice that in 
the grain of an equivalent corn crop. 
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APPENDIX A 
ESTIMATION OF DRY MATTER YIELD 
It was originally planned that the calculation of yield per acre 
would be made on the basis of the average harvested weight per 
2 feet of row, but owing to the rather uneven growth curve that re~ 
sulted using this procedure, a closer examination of the data seemed 
desirable. Attention was therefore given to the stand factor a's a source 
of variation. ' 
The measured stand differed somewhat between sampling dates 
(appendix B, table 3). These differences appeared to result largely from 
random sampling variations, however, since there was no significant 
downward trend as the season progressed. For thIs reason; it was 
decided that the most logical procedure in adjusting the yield for stand 
was. to use for each sampling date the over·all average stand, which 
was 149,897 plants per acre on the Clarion soil and 136,402 plants per 
acre on the Webster soil . 
. Calculation of a linear regression for the relationship between yield 
and stand at each sampling date on each soil showed (table 1) that 
at half the sampling dates on both soils the regression coefficients were 
positive and significant, and that in practically all other cases the 
regression coefficients were positive. It is evident from these results 
that the yield increased with the stand. Calculation of a linear re-
gression for the relationship between weight per plant and stand 
showed (table 2) that about one-third of the regression coefficients 
were negative and significant, and that in three·fourths of the remain-
ing cases the regression coefficients were negative. Weight per plant 
TABLE 1. REGRESSIONS OF TOTAL YIELD OF PLANTS ON NUMBER OF 
PLANTS AT INDIVIDUAL HARVESTS, AND THE COEFFICIENTS 
OF VARIATION OF THE ADJUSTED YIELDS. 
Webster Boil Clarion Boil 
Harvest number Coefficient of Coefficient of 
Regression variBtion of Regression variation of 
coefficientt adi usted yields coefficientt adjusted yields 
1 0.26** 10.5 g.30** 6.8 
2 0.69** 11.4 .98** 6.9 
3 1.44** 10.3 1. 78* 22.4 
4 -0.31 11.6 1.17 26.5 
5 1.02 14.5 2.17* . 19.3 
6 2.60* 10.7 3.70* 20.3 
7 2.82* 7.9 2.61 22.0 
8 5.30** 7.0 3.35 15.6 
9 2.61 17.0 11.86 20.2 
10 4.34 5.2 0.44 27.3 
11 0.93* 14.0 10.01* 19.3 
12 --4.18 11.1 -4.92 20.1 
13 24.35* 13.2 8.74 20.8 
14 8.07* 10.6 1.42 19.8 
15 14.89 13.2 7.02* 10.4 
16 0.94 9.4 -- --
17 3.40 14.2 -- --
Leaft 2.60 10.4 11.26* 21.4 
tIncresse or decrease in yield of totBI plants in grBms dry matter per 2 feet of row for each 
incroase of oliO plant per 2 foot of row. 
tSamples from which determinations of loaf fan were mado. 
"Significant at 5 percent level. 
""Significant at 1 percent level. 
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therefore decreased with increasing numbers of plants per sample. 
The above data show that the yield increased with stand but that 
the yield increment became smaller for each additional plant per 
unit length of row. The use of statistically adjusted yields, however, 
did not result in appreciable smoothing of the dry matter accumulation 
curve. There was apparently such a large amount of random variation 
not associated with stand (as is indicated by the coefficients of varia-
tion of adjust~d yields in tables 1 and 2) that the regression coefficients 
were erratic. 
Another possible means of adjusting the data for stand is suggested 
by the trends in magnitude of the regression coefficients as the season 
advanced. A regression might be calculated for the different groups of 
regression coefficients so that sampling variations on a given date 
would .be averaged out by the over-all gradual change. Here again, 
however, the results were not encouraging because the extreme varia' 
tion of a few of the regression coefficients exerted an inordinately 
great effect on the result. . 
"1'he procedure of adjusting the yields to the average stand on the 
basIs of the average weight per plant in the entire sample of 10 2-foot 
row sections resulted in a smoother dry-matter accumulation curve 
than did the other methods previously described. This procedure was 
therefore used for adjusting the data_ Thus, the assumption that the 
yield increased linearly with stand with the lower end of each regres· 
sion line passing through the origin was apparently a closer approxi· 
mation to the truth than were the actual regressions. With sampling 
adequate to give clear definition to the actual regression it would be 
expected that the least squares procedure would give a more satis-
factory estimate of the yield than did the method used. 
TABLE 2. REGRESSIONS OF WEIGHT PER PLANT ON NUMBER OF 
PLANTS AT INDIVIDUAL HARVESTS, AND THE COEFFICIENTS 
OF VARIATION OF THE ADJUSTED YIELDS. 
Webster Boil Clarion Boil 
Harvest number Coefficient of Coefficient of 
Rellre •• ion variation of Regression variation of 
coefficientt adjusted yields coefficientt adjusted yields 
1 -0.004 11.2 0.003 6.4 
2 0.003 13.1 0.019** 4.2 
3 -0.017 9.8 0.012 24.8 
4 -0.129* 12.3 -0.040 26.4 
5 -0.115* 12.8 -0.037 21.6 
6 -0.162* 10.1 0.012 18.8 
7 -0.303* 10.3 -0.155 24.6 
8 -0. 25!l* 8.4 -0.183 14.3 
9 -0. 52!l* 16.5 0.122 20.4 
10 -0.579** 4.0 -0.675* 26.4 
11 -0.578* 15.2 -0.202 25.0 
12 -1.284 11.4 -0.063 m.o 
13 0.225 12.7 -0.109 22.0 
14 -0.402 J 1.1 -0.336 24.5 
15 -0.023 13.3 -0.058 19.5 
16 -0.976*" 11.7 --
--17 -0.622 12.5 
-- --Leaft -0.703 10.7 0.153 22.7 
tIncreasc or decrease in grams dry matter per plant. for each increase of one plant per 2 feet 
of row. 
~Samplcs from which detorminations of leaf faIl were mado. 
*Significant at 5 percent leyel. 
**Significant at 1 percent level. 
APPENDIX B 
TABLE 1. DAILY TEl\IPERATURE AND PRECIPITATION AT AMES, IOWA, FROM MAY 15 TO OCTOBER 15, 1916. 
Menn daily temperature, de~rees Fahrenheit Daily pre.cipitation, lnches 
Dute 
I 
1--:\;;;-1 Sept. May June July Aug. Sept. Oet. May June .July Oct. 
1 56.0 66.0 79.0 61.5 52.0 0.01 0 0 0 0 ........ __ .... --.... · ........ ·· ...... ···1 
2 ._-_ .... __ .......... 52.0 76.5 80.0 54.5 ;;8.0 0 0 0 0 0 
3 54.5 69.0 77.0 61.0 fi1.0 
.................... 1 
0 0 0.04 0 0 ..............•. __ .. :::::::::::::::::::1 4 .. __ ... --_ .......... 57.0 73.0 71.0 69.0 66.5 0 0 0 0.05 0 
5 ......... _-_ .... _-_. 65.5 76.0 67.0 ,g.5 72.0 .................... 1 0 0 0.82 0.01 0 
6 .... -_ ....... __ .... 73.5 77.0 66.0 7.'i.O 61.0 .................... 0 0 0 0.11 0.2 
7 .... _ .........•.. _- 77.0 78.0 70.5 71.0 61.5 --_ .. __ .. _-_ ... -.... 0 0.11 0 0.70 0 
8 .... _-_ ... _-_ ..... -. 68.0 78.0 75.0 7·1.0 M.O ... -._-_ .... _--_.-- 0 0 0.15 0.73 0 
(I •• __ •• n ••••• ____ •• 67.5 81.5 70.5 71.5 fH.O -.--... _----........ 0 0 0 0.18 0 
10 .... _--_ ..... _-_ .... 77.0 82.5 66.0 63.0 56.0 ....... _-_ .......... 0 0.26 0 0.0il- 1.81 
11 ..... _-_ ••.......... 7S.5 71.5 63.5 62.5 42.0 --_ ........ _ ........ 0.11 0 0 0 0.01 ,.p.. 
12 ................... 75.0 BS.5 &3.5 57.5 39.1i ................... 0.99 0 0 0 0 ~ 
13 .................... 71.5 72.5 66.0 ;)g.5 48.5 .......... _ .. __ ..... 0 0 0 0 0.03 00 
14 
.. · .. S7-:ij· .... 71.5 76.5 63.0 67.5 50.S ...... 0·:43·· .... 0 0 0 0.01 0.14 15 71.5 71.0 73.0 65.0 58.0 1.99 0.06 0 0 0 
]f) 52.!) 81.5 70.5 79.0 68 . .'\ ....... -.. -......... 0 0 0.05 0.28 0 . •....... _ ......... -
17 56.0 7!l.0 79.5 77.0 68.0 ................•... 0.33 0.80 0.10 0 0 . ................•.• 
IR 55.0 63.0 83.0 69.0 67.0 ."' ........ _ ... _.,. 0.02 0.22 0 0 0 
19 57.0 .54.0 79.0 65.0 60.5 ............ _ ...... 0.68 1.05 0.60 0 O.M 1 ••••••••••• • ••• - •••• 
20 52.0 56.0 72.5 69.5 58.5 •··· ...•.... _ ... u._ 0.02 0 0 0 0.03 
21 1i6.0 65.0 72.5 69.0 65.5 ... -._._ ...... _ .... - 0 0 0 0.20 0 I::::::·~::::::=::: 22 132,5 71.5 72.0 68.5 57.5 ... -.•..••... _ .... 0 0 0 0.05 0.4.6 
23 66.0 76.0 74.5 35.5 49.5 ... -_ ....•.......... 0.0·1 0 0 0 0 
24 59.0 74.5 63.0 6.3.0 55.5 ....... _ ...... _ ... 0.79 0 0.13 0 0 , ............ _ ...... -
25 55.0 70.0 6:>.0 62.0 57.5 -'-""."'-'.' .. _' 0 1.21 0.46 0 '0 
25 58.0 70.0 6t.O 64.5 68.5 -_ .... _-.-.... -..... 0 0 0 0 0 
27 61.5 78.5 69.0 68.0 70.0 .-............... _ .. 0 0 0.60 0.25 0.04 . .. _ ..... -_._-_ .. -
28 6;).0 79.5 73.0 58.5 55.5 ......... __ ........ 0 0.05 0 0 0.03 . .. _._ .. - -_._----
29 62.5 76.0 76.0 ,:;4.5 48.0 ._ ...... _ ....... _--- 0 0.10 0 0 0 .. _--.....•. __ ...... 
30 65.,'i 75.5 74.0 60 . .'i 48.0 .. _-.. _._-_ ........ 0.23 0.15 0 0 0 -_ ...... __ ._ .... _._. 
31 63.0 . _. __ . -_ .. _._ .. _.- 73.0 M.O ... -...... -_ ........ ----.-...... _ .... _-- 0 ..... _ ...... _._ .. _ .. 0 0 ._-_ ... _._ .....•... ......... _ .......... 
Total 4.08 S.6S 2.37 '.79 2.83 [..12 
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TABLE 2. GROWTH STAGES OF SOYBEANS AND NOTES MADE AT 
DIFFERENT DATES DURING THE GROWING SEASON. 
Harvest No. of Growth stage 
Dato no. days from Notes 
planting Webster soil Clarion soil 
----
May 22 - 0 Planted Planted 
30 
-
8 Plants up Plants up 
June 13 1 22 1 trifoliate leaf 1 trifoliate loaf Lt." er loot recovery on 
Webster soil than on 
Clarion soil 
22 2 31 3 trifoliate leaves 3 trifoliate leaves N oduleslarger on plants 
from Clarion Boil than 
from Webster soil 
July 2 3 41 6-7 trifoliate 6-7 trifoliate Root recovery Jow on 
leaves leaves Webster soil 
6 4 45 7 trifoliato 6-7 trifoliate 
leaves leaves; 
bloommg 
13 5 52 10 trifoliate 9 trifoliate 
lcavcs r leaves' 
bloommg blooming 
20 0 69 12-13 trifoliate 11-12 trifoliato 
leaVBs; leaves; pods 
blooming forming 
27 7 00 14-15 trifoliate 13-14 trifoliate Root recovery high 
leaves; pods leaves; pods owing to good 
forming nUinerous: moisture conditions 
Aug. 3 8 73 16-17 trifoliate 14-15 trifoliato Root recovery low 
leaves; pods leaves; pods 
numerous numerous 
8 - 78 "'i7:':'jH"i~fioii;;'-i;;" . ·i5"i~fion;;."i~"""··· I.eaf traps installed 10 9 80 Seed and pods separated 
leaves; pods be- leaves; pods be- from remainder of 
ginning to fill ginning to fill plants 
17 10 87 17-18 trifoliato 15 trifoliate 
leaves leaves 
24 11 94 Leaves yellowing Leaves yellowing Hoot recovery low 
badly 
31 12 101 Leaves yellowing Slight leaf fall; Root recovery low on 
seed. separated Webster soil and fair 
from pods on Clarion soil 
Sept. 7 13 108 Some leaf fall; Leaf fall very 
seeds separated rapid; pods 
from pods yellowing 
14 14 115 Leaf fall more Leaf fall almost 
pronounced complete; pods 
brown i Toots 
and nodules 
deteriorating 
21 15 122 Leaf fall rapid; No leaves on LMt I,arvest on 
pods yellowing plants; most Clarion soil 
Sept. 23 Leaf* 124 ·---0----.---.-----.--_ .. _-_ .... 
plants dead 
._---...... __ ... - .... _-_ .. __ .... Plants barvested from 
leaf traps on Clarion 
soil 
28 16 129 Leaf fan almost -.--0._ ............. __ ...... -... 
complete; roots 
and nodules 
Oct. 4 17 135 
deteriorating 
Leaf fall 
- .. _.--_._--_ ....... -........... Last barvest 011 Webster 
complete; soil; plants harvested 
plants dead from leaf trap. on 
W cbster soil 
8 Yieldt 139 
._---------------.-.-----.------ -.- ___ 0 ______ --------••• _._----- Beans picked from 
plllnts on both soils 
for yield estimate 
*Harvest from wbich leaf fall was estimated. 
tResults from this harvest Were used along with the final harvest and leaf trap harvest to 
estimate the final yield per acre. 
TABLE 3. HEIGHT. NUMBER AND YIELD OF SOYBEAN PLANTS AT INDIVIDUAL HARVESTS. 
------
Number 01 plants per 
H'\rvcst Height in inches 2-ft. length of row 
number 
Webster Clarion Wel),t"r Clarion 
1 3.7 ~.7 21.8 25.6 
2 5.6 5.4 23.5 22.3 
3 8.9 7.9 22.4 24.1 
4 10.6 9.7 21.7 24.2 
.5 15.7 12.5 20.2 2a.S 
6 Hl.7 15.7 18.2 20.8 
7 23.5 ~2.1 21.2 22.1 
8 30.2 26.-1. 19.0 22.3 
II 33.2 2R.5 18.6 22.5 
10 32.R 26.4 20.4 20.8 
11 34.2 25.5 18.2 21.5 
12 32.8 29.2 20.9 1\1.·1 
1:1 35.0 27.5 19.7 20.6 
14 32.2 25.4 20.0 18.4 
15 34.7 29.0 1il.O 20.2 
16 
-- --
16.6 --
17 -- -- 19.2 --
L"af** -- -- 19.2 23.S 
Yieldt -- -- 17.0 18.4 
Average 
-- --
19.832 21.794 
*AdjuBted tn average stand on each Boil. 
..... Harve.t from which leaf fall estimate waR made. 
tOnly the seed. were harv€sted for use in e.timating the yield. 
trndudes estimates from linal harve~t and "leaf" harvest. 
-- ----
Grnms dry matter per Adjusted In"ams dry matter Adjusted lbs. dry matter 
2-lt. of row less leaf iall per plant leas leaf fall* per acre less leaf f"ll~ 
Webatcr Clarion Webster Clarion Wel)ster Clarion 
7.326 7.573 0.336 0.296 101 !l8 
15.788 13.76·1 0.672 0.617 202 20-1 
40.&18 34.838 1.824 1.446 548 478 
50.601 41.304 2.332 1.991 701 658 
84.564 66.563 4.186 2.8.32 1259 936 
104.121 78.780 5.721 3.787 1720 1252 
165.432 119.671 7.803 5.415 2347 1790 
194.123 169.912 10.217 7.619 3072 2518 
2G9.069 206.677 13.928 9:1116 4188 3036 
328.311 217.829 16.094 10.473 4840 3461 
337.714 244.411': 18.556 11.368 5580 3757 
430.249 292.:130 20.586' 15.069 6191 4980 
391.050 235.200 19.8.50 IJ .466 596g 37,,9 
337.900 179.750 16.S95 9.769 5081 322~ 
310.809 lS9.700 16.358 9.165+ 4919 302\1f 
279.500 -- 16.837 -- 5063 --
289.900 -- lfi.867t 
--
4772t --
-- -- 16.635 8.733 -- --
-- -- -- -- -- --
-- -- -- -- -- --
I:il 
o 
o 
Har-
vest 
no. 
---
9 
10 
11 
12 
13 
14 
15 
16 
17 
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TABLE 4. YIELD OF DIFFERENT PARTS OF SOYBEAN PLA~T 
AT INDIVIDUAL HARVESTS. 
Yield of plant parts in prmnd. dry matter per acre 
Webster soil Clarion Boil 
---,--- ---
---I Total plant Total plant Seeds less seeds, Seeds less seeds, 
Seeds Pods and pods and Seeds Pods and pods and 
pods lea! fall pods leaf fall 
---- ---
--
-- 186 4002 -- -- 255 2780 
-- -- 678 4162 -- -- 446 3015 
-- -- 1324 4256 -- -- 832 2925 
-- -- 1608 4583 878 619 1497 3483 
1274 743 2017 3952 1234 551 1785 2003 
1773 688 2461 2620 1399 571 1970 1258 
2061 800 2861 2057 1367 558 1925 1104 
2224 823 3047 2017 -- -- -- --2324 799 3123 1649 -- -- -- --
TABLE 5. PARTIAL CHEMICAL COMPOSITION OF SOIL SAMPLES FROl\! 
TUE W)~BSTER AND CL. .... RION SOIL AREAS. 
M. E. per 100 gms. of Boil I 
-------- -- "Adsorbed" Inorganic 
Soil pH Total Total phosphorus, nitrogen, 
exeh. exeh. Exch. Exch. Exch. p.p.m. p.p.m. 
cap. bases Cn Mg K 
----
---
Webster silt loam 7.12 42.72 48.07 42.07 7.00 0.455 9.23 44.13 
Clarion loam 6.95 15.97 19.53 17.24 3.98 0.300 2.91 30.85 
TABLE 6. NITROGEN PERCENTAGE. AND POUNDS OF NITROGEN PER ACRE IN THE SOYBEAN PLANT AND PLANT 
PARTS AT INDIVIDUAL HARVESTS. 
Harvest 
D\unber 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Plant less .eeds. pods 
Seeds Pods Seeds and pod. and leaf fan 
Percent I Lb •. /ncre Percent I J,b •. /acrc Percent I Lb • .!a .. e PerOPnt I Lb •. !acre 
Webster soil 
::::::::::::::::::::::::1:::::::::::=:::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1:::::::=:::::::::::::::1:::::::::::::::=:::::::1 
1························1························1··· ......•.......•.•....•.•...•......•....•.•.•.•••........•..............•.•....•......•.•........•.•.•.•.•....••••.•.•.•..•.....•...•.•.•• _ .•..•.. 
························,························1························1························1························1························,············ .•..........•.........•.•............ 
1························1························1························1························,······· •.•......•....... , .•...........•.......... , ..........•..••....•....•..•....•.•.•....••...... 
····.·.··.·.·--·····--··1--··.·--··---.·---------1-·----------------------1------------------------1----- ..• -----.•. --------1--..•••••• · •••• --••••• --1 .... --••••• ·.--.-•• ----.1-••• ·····.·--··· ••••••.• 
:::::::::::::::=:::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1········;i" .. 66········I········S·:6if······I·······-2· .. 56 .. ···· .. 1····"i02· .. 46····_·· 
4.79 . 32.46 2.50 104.05 
········6·:25 .. ··· .. · · .. _·79·:61'······· ········2·:45·· .. ···· ······"is·.-2i: .. ·· .. ·· 
6.63 117.56 1.46 10.04 
6.47 133.37 1.07 8.56 
6.42 142.77 1.12 9.22 
6.30 146.40 0.88 7.03 
4.88 
4.92 
4.85* 
5.19 
4.96 
4.99 
4.91 
64.62 
79.10 
97.82 
127.59 
141.93 
151.99 
153.43 
2.42 
1.92 
1.61 
• 0.99 
0.86 
0.85 
0.46 
102.99 
87.-99 
63.63 
25.94 
17.69 
17.14 
7.58 
*Percentage values from this harvest forward were calculated from analy.es made on the separated parts. 
Total plant Ie •• leaf fall 
Perrent I Lh~./3.cre 
4.60 4.65 
4.05 8.18 
3.31 18.15 
3.52 24.68 
3.00 37.77 
2.90 49.89 
2.87 67.35 
2.85 87.56 
2.65* 111.14 
2.82 136.51 
3.00 167.61 
2.70 167.09 
2.70 161.45 
3.02 153.53 
3.25 159.62 
3.34 169.13 
3.37 161.02 
01 
0 
t..:l 
Harvest 
numbrr 
1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TABLE 6.-Continued. 
PlanL less seeds, pods 
Seeds Pods Seeds nnd pods and le"l lall 
Percent I Lbs./acre Percent I Lbs./aere Percent I Lbs./acre Percent I Lhs·/aere 
- - - - - ---- ---
Clarion soil 
1 ........ ··· .... ·····_··-1 .... · ...... · .. · .. · ...... 1 .... ·· ............ · .... ·1 .. ·_ ...... ·_ .... · ...... ·1 .... · .. _ ............ · .. ·1 ...... · ................ ·1 .......... · ............ ·1 ...... · ................ ·1 
\::::::::::::::::::::::::1·:::::::::::::::::::::::1::::::::.:::::::::::::::1::::::::::::::::::::::::1::::::::;;:.:~:::::::: ::::::::~:.:~~:::::::: ::::::::~:.:i~:::::::: ::::::~~:.:~~::::::::I 
3.92 17.47 1.95 58.80 
6.26 
6.05 
6.42 
0.25 
5-1.96 
74.67 
89.79 
85.46 
1.00 
1.17 
0.87 
0.71 
11.75 
6.45 
4.97 
3.9r, 
4.37 36.36 1.90 55.57 
4.46* 66,71 1.37 47.72 
4.54 81.12 0.82 16.43 
4.81 94.76 0.68 8.56 
4.65 89.42 0.45 4.97 
*J'ercentage ,'nlues from this harvest forward were calculated from analyses made on the sc"arated !,art~, 
Total plant lesa leaf fall 
Percent I Lb.'/acre 
4.30 4.20 
3.68 7.51 
3.00 14.33 
2.70 17.77 01 
2.50 23.40 0 
CO 
2.73 34.17 
2.80 50.11 
2.55 64.21 
2.30* 69,88 
2.20 76.26 
2.45 91.93 
2.30 114.43 
2.57 97.55 
3.20 103.32 
3.12 94.39 
TABLE 7. PHOSPHORUS PERCENTAGE AND POUNDS OF PHOSPHORUS PER ACRE IN THE SOYBEAN PLANT AND PLANT 
PARTS AT INDIVIDUAL HARVESTS. 
Hnrvest 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Seeds Pods Seeds and pods 
Plant Ie .. seeds, pod. 
and leaf fall 
Percent 
1 
Lbs./acre Peroent 
1 
J,bs./acrc Percent 
1 
Lb •. /acre Percent I Lb.'/acrc 
Webster soil 
........................ , ........................ , ........................ , ........... • ...... · .... ·1 ........ ····· ...... · .... 1 .. · .. ·· .. · .. ··· ...... ···1···· .... ··· .. ·· .. ·······1· .. ······ .. ··· .... · .... · 
.................................................................................................. ·1 ........ ··· ...... · ...... 1· .................... · .. 1· ...... · ........ · ...... ·1 .... · ...... · ........ · .. ·1 
........................................................................................... · ...... ·, .... · ...... · .... · ...... ·1 .... · ........ · ...... · .. ·1 ........ · ........ · .... ··1· ..................... .. 
.......................................................................... , ................ · ...... ·• .... · ........ · .......... , ........ · ........ · ...... 1 .. ·· .... ··· ...... · ...... 1· .... · ................ .. 
.......................................................................... , ....................... ·• ...... · ...... · .. ·· .. · .. ·1 ........ · ........ · ...... 1·· .......... · .... ··· .... 1· ...................... . 
.. · ...... · .. · ........ · .. , .. · .... · ...... · .... -· .. •· .... ··· .... · ...... · .... 1 ............ · ...... · .... 1· ...... · ...... · ...... · .. 1 ..· ...... · ...... ··· .... ·1 .... ··· ...... · ...... · .. ·1 ........ · ........ · ...... 1 
· ........ · ...... · ...... ·, .. · ...... · ...... · .... • .. , .. · .... · ...... · ...... · .. 1· ...... · .... · ...... • .... 1· ........ • .... · ........ ·1· ........ ··· ...... · .... ·1 ...... · ...... ··· .... ····1···· .... · ........ · ...... 1 
· .. • ...... · ...... · ...... • .......... · .... • ........ • ........ · .............. ·1·· ...... · ...... · ........ I .......... · ...... · ...... • ........ · ........ · ...... , .. • ............ · .... · .. ·1·· .. · ........ · ...... · .. ·1 ........ · ........ · .............................. · ........ · .. ··· ...... ···1 .... · .. · .. · ...... ,· .... · 0.506 0.943 0.225 9.00a 
0.476 3.226 0.220 9.156 
· ...... · .. ·· .... ··· .... •• .......... · ...... ·· .... •• ........ ··· .. ··· .. ······1········· ...... · .... ·· .. 1 
········0· .. 549 .... ·· .... · .. ·6· .. 993· .... · ...... ··0· .. 215· .. ··· .... ·· .. 1' .. 598 ...... 
0.580 10.284 0.120 0.825 
0.600 12.368 0.101 0.808 
0.608 13.521 0.095 0.782 
0.604 14.036 0.077 0.615 
0.439 5.814 0.201 
0.432 6.946 0.163 
0.426* 8.591 0.113 
0.451 11.109 0.085 
0.460 13.177 0.071 
0.469 14.303 0.070 
0.469 14.651 0.041 
8.554 
7.470 
4.450 
2.238 
1.463 
1.420 
0.673 
*Perccntnge values from this harvest forward were calculated from analyses made on the separated parts. 
---
Totul plant less lea! fall 
Percent I Lbs/acre 
0.277 0.280 
0.291 0.588 
0.294 1.612 
0.308 2.160 
0.276 3.475 
0.268 4.611 
0.255 5.984 
0.247' 7.589 
0.237* 9.948 
0.256 12.382 
0.257 14.368 
0.233 14.416 
0.218 13.041 
0.263 13.346 
0.298 14.639 
0.311 15.722 
0.321 15.324 
<:.n 
0 
;f:-
TABLE 7-Continued. 
Phnt less seeds, pods 
Harvest Seeds Pod. Seeds and pods and leaf fall Total plant le.s leaf fall 
number' 
I I Lbs./acre I I I Percent Lb··facre Percent Percont Lb.'/acre Percent Lb··facro Percent Lbs.jacre 
--------- ----- ----
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Clarion soil 
............ · ........ · .. ,· ........ · .. · ........ · .. 1·········· ........ · .... ·1 .... · ........ ··· ...... ··! .. ·· .... ··· .. ·· .. · ...... !· .... ··· .... · ........ ···I· ........ · .. · ........... ! ........................ ! 
........................ , ........................ , ........................ , ..................... • .. 1· ........ ··· .... ··· .... ·1 .... · ........ · ...... · .. ·1···· .... ·•· ...... · ...... 1· .. ·········· .. ····· .. ··1 
........................ , ........................ , .......... ··············1···· ...... ·· .... · .... · .. 1 ...... · .... ··········· .. 1·· .. ····· .... ····· .. ····1· .. ··· .. ······· .. ····· .. 1·· .. ······ .. ····· .... ···1 
· .... ·· ...... ··· .... ·· .. ,·· .. · .... ·· .. · .. ·· .. ····, .. ·•··· .... ·· .. · ........ 1···· .... ···· .... · .. ·····1 .... ····· .... · .. ······ .. 1·· .... · ...... ····· .. ····1····················· .. ·1·· .. ············· .. ·····1 
........................ ! ........................ ! ........................ ! ......... ··· .... ··· .. · .. I· .... ···· .. ··· .. ··· .... ·!· .... ···················! ........................ ! ........................ ! 
· ........ ······· .. ······,·········· .. ····· .... ···1······ .. ······· .. · ...... 1··· ...... ····· .. · .... ···1·· .. · .. ······· .. ········1· .. ············ .. · .. ····1······ .. ······ .. ······ .. 1·········· .. ····· .. ·····1 
· ............ · .. · .. · .... 1·· .. ······ .. ···· .... · .. ·1· .. ·········· .. ······ ... I ........................ I····· .. ·g]Af·····I······Y:~~~······I···· .. ·In~·· .... I·· .. ····n?g··· .. · 
1······· .... ··• .. · .. ··· .. 1·· .. ···· .... ··•··• .. • .. ·1 .... ········ .. · .. ····· .. 1·· .... •• .... ·•• ...... •·· 
· .. · .. ··Hii···· .. "· .. ··'lJir···I .. ······[ilr .... I ...... ··[ur .. · 0.304 0.299* 0.329 
0.333 
0.329 
2.529 
4.473 
5.874 
6.51;7 
6.336 
0.103 
0.081 
0.049 
0.047 
0.025 
3.013 
2.821 
0.986 
0.590 
0.273 
.Percentage yalues from. tbis harvest forward were calculated from analyses made on the separated parts. 
0.251 0.245 
0.253 0.516 
0.238 1.137 
0.200 1.316 
0.223 2.087 
0.194 2.428 
0.205 3.669 
0.182 4.583 
0.149* 4.525 
0.145 5.024 
0.148 5.542 
0.146 7.294 
0.181 6.8130 
0.221 7.147 
0.218 6.608 
01 
0 
01 
TABLE 8.' POTASSIUM PERCENTAGE AND POUNDS OF POTASSIUM PER ACRE IN THE SOYBEAN PLANT AND PLANT 
PARTS AT INDIVIDUAL HARVESTS. 
Harvest 
numbr.::r 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
------- --
Seedp Pod. S,'ed. and pod. 
Plant les. sc!'do. pod. 
and leaf fan 
I 
1 I I Percent I Lb.'/acre Perecn~ Lb··/aer, Percent Lb.';"cre Percent I,bs./a~rc 
------
Webster soil 
1--··········_···_·······1--··_···················1························1························1························1························1························1···················-···· 
1························1························1························1······ .. ················1····· .. ····· .. ··········1 .... ·•· .... •· .. ·· .. ·····1························1··············-.. ···-· 
· .. • .... · ........ · ...... , .. ·_ .......... •· ...... ·1 .. ···· .... ······· ...... ·1 .... ···· .. ····· .. ·······1 .... ······ .. ····· ...... ·1······ .. ······ .... ···· .. , ... - .............. - ... , ....... - .............. . 
::::::::::::::::::::::::1::::::::::::::::::::::::1:::=:::::::::::::::::::I::::::::::::::::::::::::I· ...... 1:gr··"'I"'-'~nr""'I""""g]r-"'I"""~]r"'" 
· .. ··· .. :.:-:60 .. ·· .. ·· ······20·:38········ .. ·· .. ··"1·:51 .. ··· .. · ······"1i.'22 .... ···· 
1.72' 30.50 1.22 8.39 
1.74 35.87 1.71 13.69 
1.75 38.92 1.41 11.60 
1.72 39.97 1.22 9.74 
1.90 
1.80 
1.57* 
1.58 
1.73 
1.66 
1.59 
25.16 
28.94 
31.60 
38.88 
49.55 
50.52 
49.72 
0.59 
0.53 
0.33 
0.25 
0.27 
0.27 
0.16 
25.11 
24.29 
13.04 
6.55 
5.55 
5.44 
2.64 
*Perceot:t.ga v.du,s Inm this hUV8.t forwa.rd were c",lculo.ted from ",oalyses made on the separated parte. 
Toial(.lant Ie •• leaf r"n 
Percent I Lbs·/acre 
1.60 1.62 
1.41 2.85 
1.34 7.35 
1.29 9.05 
1.24 15.61 
0.95 16.34 
0.89 20.88 
0.75 23.04 
0.76* 31.91 
0.80 38.59 
0.90 50.27 
0.86 53.23 
0.75 44.64 
0.89 45.43 
1.12 55.11 
1.11 55.96 
1.10 52.35 
en 
0 
c:r.. 
Harv(>st 
number 
1 
2 
3 
4 
5 
G 
7 
8 
!l 
10 
11 
12 
13 
14 
15 
TABLE 8-Continued. 
I Plant h.'ss f'('(:ds, pmls 
>:ced. Pods 
I 
Seeds and pmis and led fuU 
I I I I Percent. Lhs./acre Percent Lbs./acrc Percent Lhq./acrc Percent. Lb •. /acro 
Clarion Boil 
1 ............................. 1 .................................... 1 ... ··· .. ·· ...... · .. · .......... ·· .. ·1···· .. ····· .. · ........ · .. · ........ ·1··· .. · .. · .. ······ .... · .. · .......... 1 ........ · .. · .... ····· .... · ...... ·· .... 1 .. ·· .... ····· .. ········ .. ··· .. 1 .. · .. · .. · .. ··· .... ············1 
1 .............. · .......... ·• .... 1 .............. · .............. ·1 .... ·· .... · .. · .......... · .... ·1 ...... · .... · .............. · .... ·1 ........ · ...... · .............. 1 ........ · .. · .... ·· .............. ·1 .......... · .. · ...... · .......... ·1 ...................... · .......... 1 
1 ...... · .... · ........ · ........ · ...... 1 ...... · ............ · .... · .. · .. 1 .......... · .. · .... · .......... ·/ .... · .... · .................. 1· ........ · .. · .............. · .... ·1 .......... · ........ · .. · .... · .. · .. · .. I· .. · .... · .... · .................. ·J ........ · .. · .. · .. · ............ J 
,· .......... · .... · ............ 1 .. ·· ...... · ............ · ........ 1 .. · .... · .. · ............ · ...... · .. ·1 .. · .. · ........ · ...... · .. · ...... ·1 .................. · .............. · .. ·1 .............. · .......... · .... · .. ·1· ........ · .................. ·1 .................. ·· ...... · .. · .... 1 
····· .. ·l·~·~~·· .. ·····I··· .. ··~~·i~~··· .. · .. ·I ........ ·· .. ·Ij~·· .... · .. ·I· .. ···· .... !]~ .. · .......... · 
1.80 
1.70 
1. 78 
1.57* 
1.58 
1.56 
1.57 
4.511 
7.57 
14.81 
23.47 
28.25 
30.75 
30.19 
0.71 
0.51 
0.57 
0.38 
0.26 
0.24 
0.17 
19.74 
15.38 
16.67 
13.24 
5.21 
3.02 
1.88 
*Pcrccntagc values from this harvest forward were calculated from analyses made on the 6cparntec.l parts. 
Total plant leos leaf faU 
Percent I Lbs./aere 
1.45 l.42 
1.58 3.24 
1.23 5.88 
1.19 7.83 01 
1.05 9.83 0 
-:) 
1.06 13.27 
0.95 17.00 
1.00 25.18 
0.80* 24.33 
0.66 22.95 
0.8·1 31.48 
0.74 36.71 
0.88 33.46 
1.05 33.77 
1.06 32.07 
TABLE 9. CALCIUM PERCENTAGE AND POUNDS OF CALCIUM PER ACRE IN THE SOYBEAN PLAN'r AND PLANT 
PARTS AT INDIVIDUAL HARVESTS. 
Hnrvest 
numbc!' 
I 
2 
3 
4 
5 
f 
7 
8 
!l 
10 
11 
12 
13 
14 
15 
16 
17 
S('eds Pods Seeds and pods 
Plant less "ccds, pod. 
and leaf fall 
Percent I Lb. fa ere Percent I Lb··facre P4,,;rcent I Lbs·facre Percent I Lbs.facre 
---- ---
Webster soil 
............ 1 ........................ 1::::::::::::::::::::::::1::::::::::::::::::::::::1 1·· .. ··· .... · ............ 1 .... · .... ·· .... · .... · .. 1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::  
· .. · ...... · .. ·· .. · ...... 1· ...... ·· ........ ··· .. ··1 ...... · .......... · .. · .. ·1 .... · ........ · ...... · .. ·1 ........ · ........ ·· .. ··· .. _-------_._-----------1-._.-----_ .... _._._ ... --1 
- ___ 0_._. __ -_._ ... _-----
.. _.-----.-.--------_ ... 
·· .. ····1':00·· .... ·· •••• 0 ___ •••• -_._ •• _----- ........ i· .. :53' .. · .... · .... ·ii'i".'23· .... · .. 1.86 
0.90 6.10 1.51 62.85 
··· .... · ...... · ...... · .. 1· ........ ·· .... · .. · .. · .. 1· .... · .. · ........ · .. · .. ·1· .... · .. · .. ·· .. · .... ····1 
····· .... · .... · ...... · .. 1· .... · ...... · .. · .. ·· .... 1· .... · .... · ...... · .. · .. ·1 ........ · ........ · .... ··1 
0.73 9.67 1.65 '70.22 
0.68 10.93 1.69 77.45 
0.32 4.08 1.02 7.58 0.58* 11.66 1.71 67.59 
0.25 4.43 1.11 7.63 0.40 12.06 1.48 38.78 
0.24 4.95 1.04 8.32 0.46 13.27 1.17 24.07 
0.27 6.00 1.05 8.64 0.48 14.64 0.71 14.32 
0.26 6.04 1.08 8.63 0.47 14.67 0.58 9.56 
*Percentalle values from this harvest forward were calculated Irom analyses made on the separated parts. 
l'otal'plant less leaf fall 
P03rcent I Lbs.facre 
1.96 l.98 
1.87 3.78 
1.84 10.09 
1.78 12.48 
1.53 19.26 
1.44 24.77 
1.41 33.00 
1.42 43.63 
1.51* 63.10 
1.42 68.94 
1.43 79.89 
1.43 88.38 
1.33 7!l.24 
1.00 50.84 
0.76 37.34 
0.57 28.96 
0.51 24.23 
C1 
0 
00 
Harvest 
number 
1 
2 
3 
4 
5 
Ii 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TABLE 9-Continued. 
Seeds Pods 8eeds and pods 
Plant less seeds. pods 
and leaf fall 
Percenl I Lbs./ncre Percent I Lbs·/acre Percent I Lbs./acre Percent I Lbs·/ncre 
Clarion soil 
1 ..•..................... 1 ........................ 1 ... ·····················1························1······· ..........•...... , ....••.................. , .•....••.•...•..........•.........••............. 
::::::::::::::·::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1::::::::::::::::::::::::1 
························1························1························1························1························1························1············ ............ , ....................... . 
························1························1························1························1························1························1···-···················1························1 
························1························1························1························1···················-···1························1···-···················1························ 
························1························1························1························1········Fbr·····I········f~r·····I········nr······I······inr·· .... 
········n~·······l·-···nr····l······I]r····l······[~r· .... 1.06 0.76' 0.68 
0.64 
0.68 
8.82 
11.33 
12.06 
12.70 
13.11 
1.60 
1.83 
1.54 
0.83 
0.52 
49.14 
(j3.74 
30.85 
10.44 
5.74 
*Percentagc values from this harvest forward were calculated from analyses made on the separated parts. 
Total plant loss leaf fall 
Perf!enC I Lb.,./acre 
1.84 1.80 
1. 76 3.59 
1.67 7.98 
1.61i 10.92 <:;, 
1.47 13.76 0 
c.o 
1.43 17.90 
1.42 25.41 
1.43 36.01 
1.45* 43.88 
1.38 47.89 
1.54 57.96 
1.51 75.07 
1.13 42.91 
0.72 23.14 
0.62 18.85 
TABLE 10. I\IAGNESIUM PERCENTAGE AND POUNDS OF MAGNESIUM PER ACRE IN THE SOYBEAN PLANT AND PLAN'!' 
PARTS AT INDIVIDUAL HARVESTS. 
Han'est 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
----
Seeds Pods Seed. and pod. 
Plant less seed •• pods 
and leaf fall 
Percent r Lb •. ,acre Percent I I.b··/acre Perrent I Lbs·/acre Percent I Lbs./acre 
Webster soil 
::::::::::::::::::::::::1:::::::::::=:::::::::::1::::::::::::::::::::::::1:::::::::::::::::::=:::1::::::::::::::::::::::::1::::::::::::::::::::::::1:::::::::::=:::::::::::,---.... --.... ---...... -
1------------------------1-------_ .. _-_ .. __ .. _ .. _, .. •• .. ····· ............. , ........................ , ........................ ,-....................... , ... --............ ----... , ....... --.............. . 
1 .. · .... -- .. ------.. -- .. -1 .. --.. --.. ·_ .. ·_ .... --,·--........ --...... · .... , .......... ·--........... , ........................ ,---..................... ,-.............. --....... , ...................... .. 
.. · .... --.......... ----·, .... · ...... • .... • ...... ·, .. - ...... ·--.. --.. _ .. ·1 ...... -...... _--.. --.. -1----.. ------.. --.. ------1---.... -----.. · ........ -1 .. ------.. · .... -.. ------1----.. --.. --.. --...... ·1 
1_ .. ____ . ________ .. _____ 1 _____________ ... _____ . __ 1 ____________ ..... u ••••• I .. __ •••.•.•. _ •...• _____ I .• · •.•• ___ ---_·_--------1· •. - •.• ----------------1--·---_·_---···--------1----------------_·_----
.. · .... ----.... · ........ ,----.. · .... · ...... • .... ·, .. · ...... _ .... -.. --.. --1·-------...... -.... ----1---.......... ----...... -1-........ · .... · ........ ·, .. · ...... · ...... · ...... ·, ...... · ................ . 
:::=:::::::::::::::::::1::::::::::::::::::::::::1::::=::::::::::::::::I:::::=:::::::::::::::I·--.... ·gjf .... --r ...... ·nr .. · .. I ........ 8':gr .. · .. I .. ·--·~g]r--.. · 
.. -- .. --o-jis----............ 3':18 ................ 0·.-62 .. ·-.. -........ 4·.-61 ...... --
0.30 5.32 0.66 4.54 
0.30 6.18 0.69 5.52 
0.30 6.67 0.72 5.92 
0.30 6.97 0.72 5.75 
0.53 
0.45 
0.39* 
0.40 
0.41 
0.41 
0.41 
7.02 
7.24 
7.79 
9.86 
11.71 
12.60 . 
12.72 
0.96 
0.93 
1.02 
0.94 
0.63 
0.68 
0.60 
40.86 
42.62 
40.31 
24.63 
12.96 
13.71 
9.89 
*Percentage values from this harvest forward were calculated from analyses made on the separated parts. 
Total plant Ie •• leaf fall 
Perc~nt I Lb··/acre 
0.81 0.82 
0.84 1.70 
0.88 4.8.'-1 
0.90 6.31 
0.80 10.07 
0.84 14.45 
0.89 20.88 
0.86* 26.42 
0.89 .'-17.13 
0.89 43.27 
0.86 47.87 
0.81 49.85 
0.81 48.11 
0.68 34.48 
0.50 24.67 
0.52 26.31 
0.47 22.62 
01 
I-' 
0 
TABLE lo-Continued. 
Plant Ie .. seeds. pod. 
Harvest Sc('ds Pods Seeds and pod. and leaf fall 
number 
Percent I Lbs./acrc I I I Percent Lbs./acrc Percent Lb • .!ac.e llercent Lbs./acre 
--- --
------_._-
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Clarion eoil 
1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........ · .... · .......... 1 ........................ 1 
1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 
1 ........................ 1 ........................ 1 ........................ 1 ........................ 1 .......... · ........ · .... 1 ........................ 1 ........................ 1 .................... · .. · 
1:::::::::::::::::::::::1:::·:::::::::::::::::::1::::::::::::::::·:::::::I::::::::::::::::::·:::J .. ···8]~·· .. T·Igr· .. ·1 .. · .... f~f .... T .. ·~~:·~f .... 
0.22 1.93 
0.27 3.33 
0.30 4.20 
0.29 3.97 
.... · .............. r .... · .............. ·1 0.00 4.99 0.74 21.64 0.62 3.84 0.39* 5.77 0.79 27.52 
0.77 4.25 0.42 7.58 0.79 15.83 
0.82 4.09 0.45 8.88 0.59 7.17 
0.90 5.02 0.47 8.98 0.42 4.64 
*Pcrcentagc values from this harvest forward were calculated from anal.rses made on tho separated parts. 
Tot.al plant less leaf fall 
Percent I Lb.'/acre 
0.82 0.80 
0.83 1.69 
0.85 4.06 
0.80 5.26 c.n 
0.76 7.11 I-' 
I-' 
0.68 8.51 
0.83 14.85 
0.80 20.14 
0.72* 21.90 
0.78 27.01 
0.71 26.64 
0.67 33.28 
0.51 23.40 
0.50 16.05 
0.45 13.62 
TABLE 11. TOI'AL DRY MATTER PRODUCTION AND TOTAl, NUTRIENT UPTAKE DY SOYDEANS DUllING THREE GROWI'II 
PERIODS, WJTH PERCENTAGES OF THE TOTALS FOR THE THREE PEHIODS I"OUND IN EACH PERIOD, 
AND THE RATES OF ACCUI\IULATION IN POUNDS PER ACRE PER DAY. 
I 
Dry matter ....................................................... . 
Nitrogen ......................................................... . 
Pho.pl!orUB ...................................................... .. 
Potassium ... ~ .. _ .. __ . ___ ___________ ... __ .. _ ..... __ ..... ___ . __ .. _ 
Calcium. ........................................................... .. 
1\1agncsium .. ______ .... _ ... ___ ... ____ . ____ .. ___ . ___________ 0' •• __ ' 
Dry matter ...................................................... .. 
Nitrogen .......................................................... . 
Pho.pl!oru8 ...................................................... .. 
Potnssium ......................................................... . Calc·tullL _________ .. ___ ._ ... _____ ... ___ . ___ .... ________ '_""""'_ao. 
Magnesium ...................................................... .. 
Dry matter-_____ .... ____ .... ____ ._ ...... __ .............. __ ..... " 
Nitrogen ... _ .. ---.. -.-.... ---.-... --........ --.. -..... ---........ . 
Pho'phorus ....................................................... . 
PQtas.ium ....................................................... . 
Calrium. ........................................................ .. 
Maguesium ..................................................... .. 
Total for period, lb •. per aero 
Webster 
1258.!l 
37.8 
3 .. " 15.6 
19.3 
10.1 
2929.6 
73.4 
6.5 
16.3 
43.8 
27.1 
2002.1 
56.0 
4.7 
21.3 
25.3 
12.7 
Clarion 
658.1 
17.8 
1.3 
7.8 
10.9 
5.3 
1859.9 
46.5 
3.3 
17.3 
2,';'1 
14.9 
2461.7 
50.2 
2.7 
11.5 
39.1 
13.1 
I Pcreentngc of tolal for three p~riOd·1 
Web.ter I Clarion 
Period I* 
20 13 
23 16 
24 11) 
29 21 
22 15 
20 J(j 
Period II 
47 37 
44 41 
45 45 
31 47 
50 33 
54 45 
P9riod III 
32 49 
33 44 
31 37 
40 31 
29 52 
26 39 
Pounds per nere pP.r day 
Webster Clarion 
24.21 14.62 
0.73 0.39 
0.07 0.03 
0.30 0.17 
0.37 0.24 
O.l!) 0.12 
104.63 66.42 
2.62 1.66 
0.23 0.12 
0.58 0.62 
1.57 0.90 
0.97 0 • .'>3 
95.34 87.92 
2.66 1.79 
0.21 0.10 
1.02 0.41 
1.20 1.40 
0.61 0.47 
*Period I -0 to 52 days on Webstrr soil and 0 to 45 day, on Clarion ooil: p,.riod II -53 to 80 days on Webster .oil and 46 to 73 days on Clarion soil; per-
iod III ·-81 to 101 days nn Webster soil and 74 to 101 days ~n Clarion 80iL 
01 
..... 
t.::l 
